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Functional decline and the need for geriatric rehabilitation
Functional decline – loss of the ability to execute a task or action, which in turn 
can lead to total dependence on others - is a potential cause as well as an effect of 
hospitalisation in frail or older patients. It is one of the most important side effects 
of hospitalisation as it occurs in approximately 50% of older patients1-5. At the same 
time, hospitalisation is often preceded by functional decline2,5-7.
Functional decline is associated with higher in-hospital mortality2,4. It can lead to 
loss of functional independence, which reduces quality of life2,4,6,8,9. For a significant 
proportion of older or frail patients, “natural” restoration to the pre-existent level of 
functioning is either delayed or not possible10,11. Consequently, a considerable part of 
these frail or older patients will not be able to return home after hospitalisation and have 
to be admitted to inpatient geriatric rehabilitation to recover from functional decline.
Geriatric rehabilitation
Patients who are not able to return home after hospital admission are in need for 
restorative treatment to maximise function and minimise limitations of activity 
and restriction of participation12. Rehabilitation medicine provides this restorative 
treatment and its effects for younger patients have been well established. Frail or 
older patients have specific problems like multimorbidity, cognitive dysfunction and 
communication problems, which comes with special needs. In other words, there is 
a need for specialized rehabilitation for these frail and older patients13-17. It can thus 
be defined and characterized as diagnostic and therapeutic interventions whose 
purpose is to restore functional ability or enhance residual functional capability in 
frail or older people with disabling impairments18.
Geriatric rehabilitation is a relatively new medical branch, which has originated 
from general geriatrics. Cosin appears to have introduced the term “geriatric 
rehabilitation” in 1947 and suggested that the rehabilitation of older patients 
should start in hospital in a hopeful environment with the purpose of recovery 
and wellbeing19. In the United Kingdom, Warren - one of the pioneers of geriatric 
medicine - proposed specific approaches to the rehabilitation of older and frail 
patients20. For this purpose, a multidisciplinary methodology was propagated 
with a skilled and motivated team of nurses, physicians, physical and occupational 
therapist and social workers20.
The efficacy of inpatient geriatric rehabilitation has already been well established. 
A systematic review and meta-analysis of 17 RCT’s, which studied the effects of 
inpatient geriatric rehabilitation concluded that it has positive effects compared 
to usual hospital care14. Geriatric rehabilitation results in higher physical function, 
it reduces admissions to nursing homes and reduces mortality both on short and 
long term14.
Geriatric rehabilitation in the Netherlands
In the Netherlands, geriatric rehabilitation is accommodated in skilled nursing 
facilities set up to provide multidisciplinary care for older and frail patients17,21. 
The multidisciplinary team is led by an elderly care physician, who is specialized 
in the care and rehabilitation of patients with multimorbidity and complex health 
issues21,22. In 2015, there were 145 health care organisations in the Netherlands 
who provided geriatric rehabilitation for approximately 43.000 patients which has 
increased from 27.500 patients in 200823,24.
In order to accommodate the increased demand for geriatric rehabilitation, the 
Dutch government substituted fixed day prices with activity-based funding for 
geriatric rehabilitation in 201417. After introduction of activity-based funding patients 
received higher treatment intensities and had a shorter length of stay compared with 
before the implementation (46 days in 2013, 42 days in 2014, and 39 days in 2015)17.
In 2015, initiatives were taken in the Netherlands to compile a national research 
agenda for geriatric rehabilitation through a collaboration between a large and 
diverse group of professionals from the field of geriatric rehabilitation like AcitZ, 
Verenso and the consortium Geriatric Rehabilitation. The primary purpose of this 
collaboration was to promote and enhance the quality of geriatric rehabilitation 
in the Netherlands through scientific research. In 2017, this resulted in a position 
paper stating a research agenda, consisting of seven important current scientific 
topics in geriatric rehabilitation25. The authors recommended that topics of this 
research agenda should be the focus and priority for future research. The current 
thesis project started in 2013 and focussed on two topics from the research agenda: 
(1) patient-centeredness, including shared decision making and goal setting; (2) 




Patient-centred care in geriatric rehabilitation
Patient-centred care is an important concept of focus in geriatric rehabilitation, 
although a uniform definition is lacking, it generally refers to care that focuses on 
the specific health needs of patients and desired health outcomes, which are the 
driving force behind all health care decisions and quality measurements26,27.
Geriatric rehabilitation patients have specific personal needs that require a tailored 
rehabilitation plan with individualized rehabilitation goals. Especially older patients 
with various degrees of frailty find it hard to shape and discuss their personal 
rehabilitation goals and need guidance in defining their rehabilitation goals28,29. 
The process of establishing or negotiating rehabilitation goals referring to the 
intended future state of the patient is referred to as goal setting30,31. Goal setting 
requires a patient-centred approach, in which physicians not only focus on the 
clinical perspective but also seek to facilitate patients’ expressions of their thoughts, 
feelings, and expectations26,27.
Another important aspect of patient-centred care in geriatric rehabilitation is the 
evaluation of progress during rehabilitation. Ideally, treatment progress should be 
measured and evaluated from the perspective of the professional as well as that of 
the patient in order to focus on the specific health needs and outcomes of patients. 
Patient-Reported Outcomes Measures (PROMs) can be used for this purpose and 
help to monitor improvement in health and well-being of individuals32-34. The use 
of PROMs is not limited to screening and evaluation, it can also promote shared 
decision making33.
Goal setting
A Cochrane review of randomized controlled trials (RCTs), published in 2015, found 
low quality evidence that goal setting can result in higher levels of self-efficacy and 
health-related quality of life in adult rehabilitation, however evidence showed that 
it does not result in higher levels of physical function in these patients31. Although 
this review did include a few studies which were conducted in older patients, it did 
not specifically study the effects of goal setting in geriatric rehabilitation.
Another review identified several barriers for patient-centred goal setting. It showed 
that clinicians have difficulty and reservations about involving older patients in goal 
setting who have problems with communication and cognition35. The goal setting 
process in geriatric rehabilitation could be different from that of adult rehabilitation 
and its effect might therefore be different as well. Hence, the implementation of 
patient-centred goal setting remains a major challenge in geriatric rehabilitation 
and might therefore benefit more from structured goal setting practices enabling 
frail patients to set goals with the multidisciplinary team in an organized way35,36.
Outcome measurement in geriatric rehabilitation
An important aspect of patient-centred care in geriatric rehabilitation is the evaluation 
of physical function during rehabilitation. It is essential to have an instrument that is 
capable of measuring and evaluating physical function, since restoration of physical 
function is the primary goal of geriatric rehabilitation. There are several potential 
ways to measure physical function during geriatric rehabilitation: observational 
scales, patient reported outcome measures (PROMs) and performance-based 
test. There are several performance-based tests to measure physical functioning 
in older or frail people, however an important disadvantage of these performance-
based tests is that they often rely on a specific skill to measure a particular 
construct37. Performance-based tests are not in the scope of the current thesis.
A potential high-quality observational instrument is the Barthel Index, which is 
a widely used scale in rehabilitation for measuring physical function in geriatric 
rehabilitation patients38. Despite of widespread use of the Barthel Index, only a 
few studies have reported on the psychometric properties of the Barthel Index in 
geriatric rehabilitation39,40.
Other potentially observational instruments (e.g. the Katz ADL index and the 
Functional Independence Measure) also have psychometric shortcomings, which 
implies that there is no single high-quality instrument available to measure physical 
function in this patient group41.
A patient-reported outcome measure is a measurement instrument, which is used 
to measure self-reported health outcomes. In other words, PROMs measure health 
outcomes which are directly reported by the patients, without interpretation of a 
professional. Frei and colleagues performed a systematic review to identify PROMs 
which measure self-reported physical function in older or frail patients42. The review 
showed that there are many PROMs intended to measure physical function in frail 
or older patient populations, however, the development processes often lacked 
definitions of the instruments’ aims, patient input and thus content validity42. In 
conclusion, there is an absence of a PROM with sufficient psychometric properties 




This absence generates the opportunity to develop a new PROM with good 
measurement properties.
The Patient-Reported Outcomes Measurement Information System (PROMIS®) is an 
innovative psychometrically sound and clinically meaningful generic measurement 
system of PROMs, which offers the possibility to measure relevant Patient Reported 
Outcomes (PROs) such as pain, depression and physical function across (patient) 
populations43-45. PROMIS is increasingly being used across the world, which is in 
according with the mission of the PROMIS Health Organization46 to standardize PRO 
measurement in research and clinical practice47,48.
PROMIS consists of item banks, which are sets of items (questions) with response 
options (answers) that all measure the same domain (construct, e.g., physical 
function) and whose item characteristics (called item parameters) have been 
established using methods derived from Item Response Theory (IRT)43,45,49. One 
important advantage of IRT-based item banks is that subsets of items from an item 
bank can be used as short forms, consisting of a fixed subset of items. In comparison 
to the full item bank they have the advantage of being shorter in length without 
the loss of content validity43. Patients and professionals can specify the content of 
short forms, including the measurement range they wish to measure50. Scores of 
short forms that are derived from an item bank are always comparable to other 
short forms derived from the same item banks and to scores of the full item bank, 
i.e. they measure the construct on the same scale. Until now, there is no specific 
short form which has been developed and validated to measure physical function 
in geriatric rehabilitation patients.
AIM AND OUTLINE OF THE THESIS
The overall aim of this thesis is to work towards a better quality of geriatric 
rehabilitation by improving patient-centeredness. To achieve this goal we focus on 
two currently relevant topics in geriatric rehabilitation: improving patient-centred 
goal setting and patient-reported evaluation of functional activities. This thesis is 
divided into two parts based on these two topics.
Part I of this thesis focuses on goal setting. In chapter 2 we present a systematic 
review and meta-analyse to assess the effectiveness of goal setting versus care 
as usual on physical function, quality of life and duration of rehabilitation of older 
rehabilitation patients with acquired disabilities.
As the implementation of goal setting remains a major challenge in geriatric 
rehabilitation, structured goal setting has been suggested enabling patients to set 
goals with the multidisciplinary team in an organized way. Following this suggestion, 
we developed a new patient-centred goal setting intervention called Collaborative 
Functional Goal Setting (CFGS), in which the patient and the professional jointly set 
rehabilitation goals that can be assessed and evaluated by a standardized functional 
measurement instrument.
We studied the feasibility of CFGS by exploring the views and experiences of 
both patients and professionals with the intervention during inpatient geriatric 
rehabilitation. In chapter 3 we present the results of the CFGS feasibility study.
Part II of this thesis focuses on outcome measurement in geriatric rehabilitation. 
Chapter 4 presents a psychometric study of the Barthel Index (BI) in geriatric 
rehabilitation to fill the knowledge gap regarding its psychometrics properties. 
We evaluated the structural validity, internal consistency, inter-rater reliability, 
measurement error and interpretability of the BI, including the assessment of the 
floor/ceiling effects and the Minimal Important Change.
In chapter 5 we present the development and validation of the PROMIS Physical 
Function Geriatric Rehabilitation (PROMIS-PF-GR) short form. It was developed 
based on the input from professional experts as well as geriatric rehabilitation 
patients. Chapter 6 focuses on the reliability, responsiveness and interpretability 
of the PROMIS-PF-GR.
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ABSTRACT
Objective
To explore the effect of goal setting on physical functioning, quality of life and 
duration of rehabilitation in geriatric rehabilitation compared to care as usual.
Data sources
Medline, Embase, CINAHL, PsycINFO and the Cochrane Library were searched from 
initiation to October 2018.
Methods
We included randomized controlled trials, controlled before-after studies, and 
studies using historic controls of older patients (mean age ≥ 55 years) receiving 
rehabilitation for acquired disabilities. Our primary outcome was physical 
functioning; secondary outcomes were quality of life and rehabilitation duration. 
Cochrane guidelines were used to assess the risk of bias of the studies and extract 
data. Only RCT data were pooled using standardized mean differences.
Results
We included 14 studies consisting of a total of 1915 participants with a mean age 
ranging from 55 to 83 years. Ten out of the 14 studies had a randomised controlled 
design, 7 of which could be pooled for the primary outcome. The risk of bias was 
judged high in several domains in all included studies. The meta-analysis showed 
no statistically significant differences between goal setting and care as usual for 
physical functioning (SMD -0.11, [-0.32 to 0.10]), quality of life (SMD 0.09, [-0.56 to 
0.75]) and rehabilitation duration (MD 13.46 days, [-2.46 to 29.38]).
Conclusion
We found low quality evidence that goal setting does not result in better physical 
functioning compared to care as usual in geriatric rehabilitation. For quality of life 
and duration of rehabilitation we could not exclude a clinically relevant effect.
INTRODUCTION
Goal setting is regarded as an essential part of rehabilitation1. It has been defined as 
the establishment or negotiation of rehabilitation goals and refers to the intended 
future state of the patient, which will usually involve a change from the current 
situation1,2. In 2015, a Cochrane review of RCTs concluded that goal setting did not 
result in higher levels of physical functioning, although there was evidence that goal 
setting can result in higher levels of self-efficacy and health-related quality of life 
in adult rehabilitation patients1. Because of the limited quality of the 39 included 
studies, the authors concluded that there is only very low quality evidence for the 
beneficial effects of goal setting for adult rehabilitation patients.
Although this review included a few studies which were conducted in older patients, 
it did not specifically study the effects of goal setting in geriatric rehabilitation. 
Geriatric rehabilitation can be defined and characterized as multidisciplinary 
treatment to improve independent functioning aimed at older patients who are 
often frail and have several comorbidities, including cognitive dysfunction and 
communication problems3,4. This means that there are both practical and theoretical 
differences between geriatric and adult rehabilitation which might lead to a different 
goal setting process and effect.
This is in accordance with earlier research, which found that this heterogeneous 
group of older patients with various degrees of frailty find it hard to shape and 
discuss their personal rehabilitation programme and need guidance in defining 
their rehabilitation goals5,6. Furthermore, a systematic review identified several 
barriers for patient-centred goal setting, which especially apply to this patient group. 
It showed that clinicians have difficulty and reservations about involving patients in 
goal setting who have problems with communication and cognition7. In conclusion, 
there is evidence that the goal setting process in geriatric rehabilitation is different 
than that of adult rehabilitation and its effect might therefore be different as well.
The purpose of this review was to systematically identify, critically appraise 
and synthesize the available evidence on the effects of goal setting in geriatric 
rehabilitation. To this end we conducted a systematic review and meta-analysis to 
assess the effectiveness of goal setting versus care as usual on physical functioning, 
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METHODS
A systematic review and meta-analysis was carried out in three stages following 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
guidelines8: (1) literature search; (2) data extraction and critical appraisal; (3) data 
synthesis. A review protocol was created before the start of the study. There was 
one deviation. Originally we planned to only include studies of inpatient geriatric 
rehabilitation patients. Because we ended up with a limited number of studies, 
we decided to also include studies with participants from outpatient settings and 
combined in- and outpatient settings.
Literature search
The primary author conducted a systematic computerized search to identify studies 
on 15 October 2018. Five electronic databases were searched: Medline, Embase, 
CINAHL, PsycINFO and the Cochrane Library. The search was not limited by any time 
restrictions or language (if necessary, a translation service would be used). Search 
terms were used relating to the following themes: rehabilitation, goal setting and 
goal setting instruments. Rehabilitation was used as a solitary search term and 
several search term were used to capture the theme goal setting, like “goal setting”, 
“goal pursuit” and “goal achievement”. In addition, several goal setting instruments 
(i.e. “Canadian Occupational Performance Measure” and “Talking Mats”) were also 
used as individual search terms, to make sure studies using these instruments as 
goal setting method would be included in our search results. Specific goal setting 
instruments which were included in the search were adopted from an earlier 
review9. Finally, the reference lists of included articles were scrutinized for other 
potentially relevant articles. The search terms and strategy for Medline is provided 
in Appendix 1, for the other databases we adapted the search strings accordingly.
Trials had to report on geriatric rehabilitation to be included in the review, which 
was defined as a group of rehabilitation patients with an average age of 55 years 
or older3. Based on previous reviews, we expected a low number of RCTs that 
would probably result in too few studies to draw meaningful conclusions, hence 
we decided to also include non-randomized studies. Results of the NRSIs will not be 
included in the meta-analysis but can provide evidence additional to that available 
from randomized trials.
We included studies that met all of the following criteria: (1) (quasi- or cluster) 
randomized controlled trials, non-randomized controlled trials, controlled before-
after studies, or studies using historic controls; (2) people receiving rehabilitation 
for disabilities acquired in adulthood; (3) studies involving any type of goal setting 
versus care as usual. Studies were excluded based on the following criteria: (1) mean 
age of the study population under 55 years; (2) studies without data on physical 
functioning and/or recovery; (3) studies dealing solely with cognitive or psychiatric 
rehabilitation; (4) mixed or combined intervention studies, i.e. when goal setting 
was part of a larger intervention.
A full list of articles was composed combining the search results of all five databases 
and removing duplicates. Two reviewers (ES, HB) independently screened titles 
and abstracts of the full list and agreement had to be reached before the article 
was subjected to a full-text assessment. In case an article was only selected by one 
reviewer a discussion took place between the two reviewers to determine if the study 
should be selected for a full-text analysis. A third reviewer could be consulted in case 
that the two reviewers could not reach consensus. Next, both reviewers independently 
assessed the full text of the selected articles. Studies were included in a similar fashion.
Our primary outcome was mobility and activities of daily living and the secondary 
outcomes were quality of life and duration of the rehabilitation.
Data extraction and critical appraisal
The two reviewers independently assessed the study quality and extracted the data 
from each included study. The results of the quality assessment and data extraction 
were compared and discrepancies were resolved through discussion. Data was 
extracted using a standard data extraction form adapted from the Cochrane 
Consumers and Communication Review Group’s Data Extraction Template, and 
was entered into Covidence (www.covidence.com), a web-based software platform 
for the production of systematic reviews. The following study characteristics were 
extracted: study design, patient characteristics, sample size, goal setting method, 
functional outcomes and secondary study outcomes. The methodological quality 
of the individual studies was assessed in accordance with Cochrane guidelines 
focussing on the following criteria: sequence generation, allocation concealment, 
blinding of participants and personnel, incomplete data, selective reporting and 
other sources of bias10. Thus, we used one tool to assess risk of bias in order to 
enhance comparability of the risk of bias assessments between the different type 
of studies. The risk of bias was rated as high, low or unclear10. The extracted data 
was entered into Review Manager version 5.311 by the primary author, accuracy of 
the data entry was checked by a second reviewer (HB).
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Data synthesis
Data synthesis started off by summarizing all available data in order to determine 
whether statistical pooling of the data was suitable by comparing participants, goal 
setting method and outcome measures. For the meta-analysis we only included 
studies that randomized individuals, studies using a quasi-randomized design 
and cluster-randomized studies. We used a mean difference for pooling in cases 
of similar unit of measurement; otherwise a standardized mean difference (SMD) 
was calculated for each study10. Consequently, we could only include those studies 
which reported a mean outcome value in the meta-analysis. If a study did not report 
a standard deviation (SD) we replaced it with the SD of a comparable study which 
used the same measurement and metric in case that the original authors of the 
study could not provide it. When a study applied multiple instruments to assess 
the same outcome, the most appropriate measurement instrument was selected. 
In addition, when outcomes were assessed at multiple points in time we preferably 
used the score at discharge from the intervention; when not available we used the 
score obtained at the first follow up time with a minimum of two weeks. For the 
cluster-randomized study that did not take the design into account in the analysis12 
we adapted the study size by adjusting for the design effect10,13, using an intraclass 
cluster coefficient of 0.0814. Finally, apart from selecting randomized controlled trials 
we did not take additional risks of bias of individual studies into account when 
excluding studies for pooling.
We used a random effects model to pool the data from all the available studies 
either with a mean difference or a SMD15. Heterogeneity between studies was 
assessed first by visual inspection of the forest plot. Next, we computed the Q 
statistic and I2. Substantial statistical heterogeneity was assumed if the Q statistic 
was significant (p<0.05) and the I2 value was more than 50%15,16.
RESULTS
Study selection
The PRISMA flowchart of the entire search and selection procedure is shown in 
figure 1. In summary, 14 out of the 3851 articles met the inclusion criteria and were 
included in the systematic review, seven of these could be included in the meta-
analysis for the primary outcome. Reasons for exclusion in the full-text assessment 
phase were: incorrect age group, no experimental design, not reporting our primary 
outcome, no goal setting intervention or a mixed intervention, and finally we 
excluded articles containing duplicate outcomes of the same study patients. Three 
articles reported data from the same study: Guidetti et al., 201512; Bertilson et al., 
201417 and Bertilson et al., 201618. We only used Guidetti et al., because it reported 
the most accurate data at three months of follow-up of all the participants12.
Study characteristics
A total of 14 studies met the selection criteria for the current review12,19-31 the 
summary of the study characteristics can be found in Table 1. The mean age ranged 
from 55 to 93 years and the patients were admitted for various reasons. One study 
reported cognitive dysfunction in 26.6% of the participants19, four studies reported 
an average score on the Mini Mental State Examination with average scores ranging 
from 23 to 27.612,20,23,27. Finally, three of the studies reported data on the proportion of 
patients having at least one co-morbid condition ranging from 4.5% to 68.5%112, 19, 24.
There were two distinct approaches to goal setting in the included studies. Eight 
studies used a goal setting instrument to set goals19,20,26-31. These instruments 
were: the Canadian Occupational Performance Measure (COPM), the Rehabilitation 
Activities Profile (RAP), the Goal Attainment Scaling (GAS) and the Aid for Decision-
making in Occupation Choice (ADOC). The other six studies used a standardized 
approach to goal setting with predefined intervention12,21-25. These were: the Client-
Centred Self Care Intervention (CCSCI), the Client-centred Activities of Daily Living 
(CADL) and the Take Charge Session (TCS).
The study designs of the included studies were individually randomized controlled 
trials (RCTs) (n=7), cluster RCTs (n=2), non-randomized controlled trials (n=2), quasi-
RCT; controlled before-after study and historic control study (each n=1).
Critical appraisal
A summary of the risk of bias assessment of the included studies is presented in 
Table 2. The most frequent source of methodological bias was lack of blinding for the 
intervention, which was classified as high in all studies. In addition, “other sources 
of bias” were classified as high in 12 of the 14 included studies. The main reason 
was the presence of baseline imbalances in patient characteristics between control 
group and intervention group, which was found in six studies.
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Primary outcome
All of the 14 included studies (1915 participants) reported data on physical 
functioning at follow-up. The 14 studies in the systematic review showed mixed 
results, 11 found no differences between the intervention group and the control 
group on our primary outcome (Table 1). Two studies reported a statistically 
significant difference in favour of the control group19,31 and one study found a 
statistically significant higher level for the upper body dressing subscale of the 
Functional Independent Measure in the goal setting group22. The meta-analysis 
which included seven (n= 354 participants analysed) studies (figure 2) showed no 
significant difference in physical functioning between goal setting and care as usual 
(SMD -0.11, 95% confidence interval (CI) -0.32 to 0.10).
Secondary outcomes
Four of the included studies reported data on quality of life and these studies (n=178 
participants analysed) could all be used for data pooling. Only one individual study 
reported a significant difference in quality of life between the two groups, in favour 
of the goal setting intervention24. The meta-analysis (figure 3) showed no statistically 
significant difference in quality of life between goal setting and care as usual (SMD 
0.09, 95% CI -0.56 to 0.75). There was evidence of substantial heterogeneity between 
the studies (Q-statistic, Chi2=12.23, df=3 (p= 0.007); I2= 75%).
Data on duration of rehabilitation (days) was reported in four studies, one of 
which found a statistically significant difference: duration of the rehabilitation was 
significantly longer in the intervention group28. We used the mean difference to pool 
all the data, because the unit of measurement was the same for all included studies. 
The meta-analysis (figure 4) included three studies (n= 111 participants analysed) 
and showed a non-significant difference between goal setting and care as usual for 
the duration of rehabilitation (MD 13.46 days, 95% CI -2.46 to 29.38).
DISCUSSION
This systematic review and meta-analysis studied the effect of goal setting on 
rehabilitation outcomes in older rehabilitation patients. The current meta-analysis 
did not show a statistically significant effect of goal setting in geriatric rehabilitation 
for any of the primary and secondary outcomes. The power of our meta-analysis 
was sufficient to exclude a clinically relevant effect on our primary outcome, as 
the 95% confidence interval excluded a clinically relevant effect, i.e. an SMD >0.532. 
In conclusion, our study found low quality evidence that goal setting does not 
have a relevant effect on physical functioning. For quality of life and duration of 
rehabilitation, the available studies could not exclude clinically relevant effects 
of goal setting. The overall risk of bias of the included studies was judged to be 
considerable.
This review identified three studies with a positive outcome in favour of the 
control group and two studies in favour of the intervention group. There are some 
differences between these studies, which appear to be minor, like research design 
and goal setting method. For example, all the studies favouring the control group 
used a specific goal setting measurement instrument as a means to implement the 
intervention, namely the RAP or COPM, instead of only prescribing actions how 
to perform the intervention. Still, it is likely that this difference is due to chance 
since there are also two studies in the review which used the COPM and found no 
significant differences. The same goes for the custom approaches to goal setting, 
two of these studies found statistical differences in favour of the intervention 
groups and the other four found no differences.
Similar to the Cochrane review, our study found that goal setting does not lead to 
higher levels of physical functioning1. Three studies from the Cochrane review were 
also included in the current review21,24,25. In addition, we included four other and 
newer studies and found similar evidence that goal setting does not yield better 
results than care as usual in terms of physical functioning.
Regarding quality of life, our results differ from those of the Cochrane review1. Our 
study suggests that goal setting does not result in higher levels of quality of life, 
although we could not to exclude a clinically relevant effect in either direction, as 
shown by the boundaries of the confidence interval (-0.56 to 0.75). Nonetheless, 
the Cochrane review found some evidence that goal setting can lead to improved 
psychosocial outcomes like health-related quality of life in adult rehabilitation. Three 
studies from the Cochrane review were also included in our meta-analysis21,24,28 and 
one individually randomized RCT we included was not included in the Cochrane 
review29. Pooling these four studies resulted in a non-significant effect; there was, 
however, considerable statistical heterogeneity between the studies.
Further, our review differs in several ways from the Cochrane review which 
necessitates the use of an independent search and review1. Most importantly, our 
review specifically studied the effect of goal setting on older rehabilitation patients, 
whereas the Cochrane review included patients from the age of 18 years. Second, 
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the Cochrane review included several psychosocial outcomes, whereas our review 
focused exclusively on quality of life as psychosocial outcome. In addition, our 
review also studied the effect of goal setting on duration of rehabilitation, while 
the Cochrane review did not. Third, the Cochrane review included the study of 
Sewell and colleagues, while we excluded this study, because goal setting was not 
compared to care as usual33. Finally, as mentioned, our search was updated in 15 
October 2018, the latest update search for the Cochrane review was in January 2014.
There are several potential explanations for not finding a significant result in this 
review. First, all 14 included studies lacked a process evaluation, including an 
assessment of adherence to protocol. Process evaluation is considered an essential 
part of designing and testing complex interventions34,35. The absence of a proper 
process evaluation prohibits drawing conclusions on the extent and quality of the 
implementation and the level of protocol adherence of the goal setting interventions 
in the included studies. And so it is not surprising that a significant effect cannot be 
demonstrated in a study in which the goal setting intervention was implemented 
incorrectly or incompletely.
Second, goal setting could already have been integrated in care as usual to some 
degree. A recent study which explored goal setting during inpatient rehabilitation 
actually found that all participating rehabilitation units in their study conducted at 
least therapist-led goal setting36. In therapist-led goal setting it is the therapist who 
identifies the problems, defines rehabilitation goals and evaluates the process36. At 
the same time, there is evidence that patients are not always involved in goal setting 
and that the goal setting process itself is often incomplete36,37. Goal setting is not 
merely about establishing rehabilitation goals but also includes negotiation of goals, 
i.e. involving the patient in defining and evaluating them. In short, there is some 
evidence that care as usual might not be an entirely true control group because to 
some extent goal setting is already integrated in usual care. In other words, perhaps 
we were only able to study the additive effect of standardized goal setting, i.e. goal 
setting by means of an instrument or a predefined approach, compared to non-
standardized goal setting in care as usual.
In conclusion, this study found low quality evidence that goal setting does not result 
in better physical functioning compared to care as usual in geriatric rehabilitation. 
In addition, we found low quality evidence that goal setting does not result in higher 
levels of quality of life and/or shortened duration of rehabilitation. However, because 
of the wide 95% confidence interval, we could not exclude a clinically relevant effect 
for these secondary outcomes.
The current review has several limitations. First, we used a basic operationalization 
to define geriatric rehabilitation patients, namely a group of rehabilitation patients 
with an average age of 55 years or older (cf. Bachman et al., 2010)3. It should be 
noted that only a minority of the included studies reported data on the prevalence 
of comorbidity and cognitive functioning. Thus, the included studies contain a 
heterogeneous group of older patients of varying complexity. We still believe that 
this mix of the patients with varying comorbidity is an accurate reflection of the 
current practice of geriatric rehabilitation3,4,38.
Second, we included studies with a variety of approaches to goal setting. Despite this 
heterogeneity, these studies, in our opinion, cover the broad spectrum of goal setting.
Third, most of the studies lacked a clear description of what was considered usual 
care. A recent study showed that goal setting in clinical practice is often therapist-led 
and does not include monitoring progress and revising goals with the patient36. This 
makes it difficult to get an idea about the level of goal setting in the control group
Based on our results, we cannot recommend the implementation of standardized 
approaches to goal setting in rehabilitation of older adults in order to improve 
physical recovery and quality of life. However, within the framework of shared 
decision-making, goal setting may be considered desirable or even imperative from 
an ethical point of view, since goal setting involves patients in decision-making and is 
therefore a means to respect the preferences, values and autonomy of patients39,40. 
Future studies should aim at improving quality of evidence by reducing the risk 
of bias by using clear study outcomes and publishing trial protocols and by using 
sufficient sample sizes in the trials to reduce baseline imbalance. Furthermore, these 
studies should conduct a process evaluation to check the implementation and the 
level of protocol adherence of the goal setting intervention.
Clinical messages
• The evidence reviewed found that standardised goal setting did not result in 
better physical functioning or quality of life in geriatric rehabilitation.
• The included studies showed a high risk of bias and process evaluation and 
adherence to protocol was lacking in all studies.
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Figure 1: PRISMA Flowchart
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Figure 2: Meta-analysis – Physical Functioning
Figure 3: Meta-analysis – Quality of Life
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ABSTRACT
Background
Patient-centred goal setting is regarded as a beneficial intervention for geriatric 
rehabilitation. Nevertheless, its known laborious implementation in clinical 
practice remains an on-going challenge. To improve implementation of patient-
centred goal setting, the integration of goal setting with standardized measures 
has been proposed. Our objective of the current study was to explore the feasibility 
of Collaborative Functional Goal Setting (CFGS), i.e. using standardized functional 
measures to set and evaluate functional goals during geriatric rehabilitation.
Material and methods
Three medical professionals working in two geriatric rehabilitation wards were 
trained in CFGS and interviewed at the end of the study. We aimed at including 
20 patients who underwent the CFGS intervention and could participate in open 
interviews. Both interviews of the professionals and patients were qualitatively 
analysed.
Results
Eight patients were included in the study, five of which could be interviewed. Both 
patients and professionals expressed a need for patient-centred goal setting. 
Patients indicated that goals were mainly set by the professional and that a 
rehabilitation plan was either not presented or its content was not clear to them. In 
contrast, the professionals regarded CFGS as patient-centred and potentially helpful 
in facilitating the goal-setting process. Nevertheless, the professionals indicated 
having difficulty with the implementation of the intervention.
Conclusion
In the current study, we demonstrated that patient centred goal setting supported 
by functional measurements was not feasible in its present form which confirms 
the evidence from the literature that is difficult to perform patient-centred goal 
setting in clinical practice.
INTRODUCTION
Patient-centred goal setting is an important element of geriatric rehabilitation. 
First, it is important for clinicians to involve patients in goal setting and to respect 
the values and preferences of patients, in other words the patient autonomy1,2. 
Second, goal setting might improve allocation of scarce resources to gain optimal 
recovery for all rehabilitation patients1,3. Finally, according to a recent Cochrane 
review, structured goal setting in adult rehabilitation can result in higher levels of 
motivation, self-efficacy and health-related quality of life4. Although the beneficial 
effects of patient-centred goal setting are widely recognized, its implementation in 
clinical practice remains an ongoing challenge5,6. According to the professionals, this 
may be even more difficult when it involves geriatric patients, as they often find it 
difficult to shape and discuss their personal rehabilitation programme and need 
guidance in defining their rehabilitation goals7,8.
Several studies have suggested the use of a measurement instrument to facilitate 
the goal setting process and its implementation in the clinical field9-11. Following 
this suggestion, we developed a new structured goal setting intervention called 
Collaborative Functional Goal Setting (CFGS), in which the patient and the 
professional jointly set rehabilitation goals that can be assessed and evaluated 
by a standardized functional measurement instrument. We hypothesized that 
this approach would facilitate the process of goal setting and might therefore 
improve its feasibility. Before setting up a clinical trial to investigate the validity and 
effectiveness of CFGS it was important to first test the feasibility of the intervention 
in a geriatric rehabilitation population. We subsequently conducted a qualitative 
pilot study to explore the feasibility of CFGS.
The objective of this study was to explore the feasibility of Collaborative Functional 
Goal Setting by exploring the views and experiences of both patients and 
professionals with the intervention during inpatient geriatric rehabilitation
3
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MATERIAL AND METHODS
The Intervention
The CFGS method consisted of a step-by-step approach to structure the goal-
setting process in order to integrate the patient’s personal rehabilitation goals into 
measurable standardized functional goals (see Table 1). Two functional instruments 
were used for this purpose: the Barthel Index and the Utrecht Scale for Evaluation 
of Rehabilitation12,13. Prior to the study, two elderly care physicians and one nurse 
practitioner, working exclusively in geriatric rehabilitation, were trained. The 
training was provided by two experts: an educational psychologist and a geriatric 
rehabilitation physician, in two four-hour sessions. In this training the design of the 
study as well as the procedure of the intervention were explained. In addition, the 
participating professionals extensively practiced the intervention in role playing 
games and in their own clinic before the actual start of the study. During the two 
training sessions personal instruction and feedback were given to the professionals.
Setting and study subjects
Two geriatric rehabilitation wards, with a capacity of 40 patients, participated in this 
feasibility study. The three professionals were responsible for the implementation 
of the intervention on their ward. In one ward CFGS was either conducted by the 
nurse practitioner or the physician. The other physician exclusively conducted 
CFGS in the other ward. We specifically focused on geriatric stroke rehabilitation 
patients because we wished to test this new intervention in challenging conditions, 
such as in patients with a high incidence of cognitive and communicative problems. 
We expected that we had to include a maximum of 20 patients to achieve data 
saturation in our qualitative analysis. To achieve an inclusion of 20 patients in a 
period of six months, we had to include 25% of the newly admitted eligible patients.
All newly admitted rehabilitation inpatients with a stroke diagnosis were asked to 
participate. Exclusion criteria were: inability to sign informed consent, decisional 
incapacity as judged by the attending physician, or mastery of the Dutch language. 
The primary researcher provided the patients with written and oral information 
about the study. Patients were included in the study once a signed informed consent 
was obtained. The study was approved by the Medical Ethics Review Board of the 
VUmc University Medical Center, Amsterdam, The Netherlands (no. FWA00017598).
Study design
Open in-depth interviews with both the patients and professionals working with this 
new intervention were conducted and qualitatively analysed. All interviews started 
with a grand tour question: “What can you tell me about the intervention in which 
you participated?” (Physicians) or “What did you notice of the intervention where 
physicians were trained in making patient- centred rehabilitation goals?”(Patients). 
This was followed by asking neutral open-ended questions and elaborating on the 
answers. Finally, a topic list (Table 2) was used during the interviews, which was 
constructed on the basis of theoretical aspects of feasibility14. The patients were 
interviewed after completion of the intramural rehabilitation programme and 
the professionals were interviewed at the end of the study by the first author. A 
summary of the findings for patients and professionals are presented separately 
in the Results section below.
Data analysis
All interview transcripts were independently analysed by two researchers (ES, 
HB). First, two researchers (ES,HB) independently wrote a memo, summarizing the 
most important findings of the each interview. Second, after completion, all memos 
were checked, compared and discussed by the two researchers. In case of any 
discrepancies between the memos a consensus was reached by discussion. The 
memo served as a tool to enhance the common understanding of the interviews 
by both researchers. Third, the two researchers (ES,HB) independently highlighted 
the sections which revealed information about feasibility of the intervention. 
Fourth, these sections were compared and discussed by the two researchers and 
consensus was reached about which segments actually revealed information about 
the feasibility. Fifth, every selected text segment was independently assigned to the 
appropriated feasibility topic. Finally, both researchers illustrated the key findings 
with the most representative quotations per feasibility topic which in turn were 
discussed with co-authors to check whether the selected quotations provided 
the information to support the key findings. The findings per feasibility topic are 
presented separately for patients and professionals in the result section. The key 
findings are illustrated with quotations from interviews with both patient and 
professionals. Quotations were translated from Dutch to English and minor editing 
was conducted to correct grammatical errors and improve clarity.
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RESULTS
Participants characteristics
From 1 January 2015 to 1 August 2015, two elderly care physicians and one nurse 
practitioner participated in the study and CFGS was tested on eight geriatric stroke 
rehabilitation patients.
Interviews were held with all three professionals and five out of the eight patients. 
Demographic and medical characteristics of all included patients are shown in table 
3. Drop out from the interview occurred for various reasons: one patient withdrew 
because of a disabling aphasia, one patient had a recurrent stroke during the study 
period and was subsequently admitted to the intensive care unit, and one patient 
could not be contacted after discharge.
Patient findings
The patients indicated that it was mainly the professionals who set the rehabilitation 
goals and that a rehabilitation plan was either not presented to them or the content 
of the plan was not clear. At the same time, the patients specifically stated that they 
wished to be actively involved in the goal-setting process, and that rehabilitation 
goals ought to be discussed with them. However, the extent to which they wanted to 
be involved in the goal-setting process varied. The patients expressed the wish for a 
more active role in the goal-setting process and some suggested that it should start 
with their own ideas about the rehabilitation process in general. Others suggested a 
preference for an approach in which the professional set the goals and the patient 
had the option to agree or disagree with these goals.
Key patients’ citations:
“I have not seen a real rehabilitation plan. For example, in the exercise room you had to 
practice cycling and then the physical therapist proudly said, “we made it even harder”. 
[…] Apparently something was evaluated only the usefulness was unclear to me” (78 year 
old male, with right haemorrhagic stroke).
“My advice to the professionals would be to listen carefully to the ideas that the patient 
has about the rehabilitation. I understand that the patient is not a professional, still 
you should listen carefully to the patient in question what he wants and wishes. Well, of 
course, in the context of the things that are professionally possible “ (73 year old male, 
with right haemorrhagic stroke).
“The goals and exercises were set by the therapist. I agreed to these goals and exercises 
if they seemed logical…” (87 year old male, with right ischemic stroke).
Professional findings
The professionals emphasized the relevance of patient-centred goal setting in 
geriatric rehabilitation. They regarded CFGS as patient-centred and potentially 
helpful in facilitating the goal-setting process. The use of the functional instrument 
was considered particularly supportive in setting and evaluating rehabilitation goals. 
Nevertheless, the professionals found the implementation of the intervention 
difficult for several reasons. First, they acknowledged that the intervention differed 
from their conventional way of working and signalled a tendency to fall back on old 
routines. Second, the professionals stated that it was difficult for them to lead the 
rest of the multidisciplinary team in working according to the CFGS method because 
they had not built up extensive experience with CFGS. Finally, they reported to have 
filled in the functional instrument in collaboration with the patient, rather than 
leaving this to the nurse as was intended (see table 1).
The professionals had several suggestions that could enhance the feasibility 
of CFGS. The first suggestion was to train the entire multidisciplinary team and 
thereby support a more multidisciplinary approach to the intervention. Second, it 
was suggested that the training itself should be repeated over time. However, no 
changes were suggested for the content of the intervention itself.
Key professionals’ citations:
“Patient centred goal setting was facilitated by a scale such as the Utrecht Scale for 
Evaluation of Rehabilitation, because it made clear to the patient and family what things 
are improving and which goals need to improve. That makes communication about the 
goals more clear and effective” (male elderly care physician)
“I have to admit that, because of a lack of experience, I was not able to lead the rest of the 
multidisciplinary team in working according to CFGS method.” (female elderly care physician)
“Because the intervention differs from daily routine, you easily fall back into old behaviour 
and patterns, by all sorts of things say the harshness of the day. […] On some occasions 
I have filed in the instrument together with the patient. In retrospect, I understood that 
this was not correct.” (male elderly care physician)
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DISCUSSION
The present study was set up to test the feasibility of a new patient-centred goal-
setting method for geriatric rehabilitation. The study shows that professionals 
considered CFGS a potential beneficial patient-centred goal setting intervention, 
still they found it difficult to execute and apply it into their daily routine. As a 
consequence, the execution and implementation was not sufficiently noticeable for 
the patients themselves. In conclusion, we demonstrated that patient centred goal 
setting supported by functional measurements was not feasible in its present form.
Patient-Centred Goal Setting
In line with previous studies, the patients in the current study expressed that they 
wanted to be actively involved in the goal-setting process, as well as be informed 
about the progress of their rehabilitation6. However, the extent to which they wanted 
to be involved differed. This supports a flexible and individual-based goal-setting 
procedure rather than a more one-size-fits-all approach. This is in accordance with 
the findings of a recent systematic review that identified barriers and facilitators to 
goal setting during rehabilitation, which concluded that the process of goal setting 
should be tailored to individual patient needs and preferences, both of which could 
change over time15. CFGS incorporates this flexible approach to goal setting explicitly 
in the fifth step (see Table 1, Step 5A). In conclusion, patients and professionals both 
expressed a need for patient-centred goal setting, with the professionals especially 
considering CGFS to be an acceptable intervention.
Implementation
There were several indications that CFGS was not successfully implemented. First, 
the professionals indicated that there was a tendency to fall back on old routines that 
differed from CFGS. In particular, the professionals stated that CFGS was not always 
systematically and accurately executed as intended. Finally, the patients had not 
noticed the intended patient-centredness of CFGS. The literature describes similar 
difficulties with patient-centred goal setting in rehabilitation patients6. Importantly, 
the literature further shows that goal setting is generally new to patients and that 
they therefore have difficulty understanding what is expected of them6. This might 
be an alternative explanation for why patients in the current study did not perceive 
the intervention to be patient-centred.
Limitation
The major limitation of our study was that it was tested on a limited number of 
patients. This might have negatively influenced the implementation process, 
especially because the professionals reported that it was difficult to build more 
comprehensive experience with the intervention. In spite of this limitation 
we reached the data saturation point to make a conclusion on feasibility of 
the intervention. First, the professionals stated having difficulties with the 
implementation and execution of the intervention. In addition, all the participating 
patients uniformly report the same experience and stated that the execution of 
CFGS was not clear to them. Because of the ongoing difficulties in executing and 
implementing the intervention, we reached a point where it seemed unethical to 
continue and include more patients into the study.
Clinical implication
Despite this limitation, we conclude that both professionals and patients experience 
the need for patient-centred goal-setting interventions in geriatric rehabilitation. 
However, in the current study, both patients and professionals raised considerable 
concerns about the feasibility of CFGS. The professionals made a number of 
recommendations for improving its feasibility. First, the entire multidisciplinary team 
needs to be trained in CFGS to ensure a uniform and multidisciplinary approach. 
Second, CFGS training should be regularly updated so it becomes a familiar daily 
routine. Third, because CFGS differs from current daily routines, and experience 
is needed to master the skills to implement the intervention, sufficient time and 
resources must be made available for its implementation.
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FIGURE, TABLES AND APPENDIX
Table 1. Description of the Collaborative Functional Goal Setting (CFGS) intervention
1. Within 48 hours of admission a Barthel Index (BI) or the functional items of the Utrecht 
Scale for Evaluation of Rehabilitation (fUSER) are completed by the designated nurse.
2. During the first multidisciplinary meeting (MDM) the test scores from the instrument 
are presented to all members of the multidisciplinary team.
3. The multidisciplinary team sets attainable functional goals. These goals will be pre-
sented as target scores on corresponding items of the BI or fUSER by the physician.  
4. The MDM is followed by a goal setting meeting with the patient and the physician. 
Here, the patient is invited by the attending physician to set their own personal 
functional goals. 
5. Shared decision-making in defining the patient’s goals is ensured by the following steps: 
 a) Elicit the patient’s views on the degree of involvement in decision-making; 
b) Patient and doctor jointly set functional goals based on consensus;  
c) The physician translates these goals into target scores on the corresponding 
items of the functional instruments (BI or fUSER);
6. Prior to every two weekly MDM a new functional assessment is conducted by the 
designated and presented. 
7. During these meetings the functional goals and assessment target scores will be 
reviewed. There are three possible actions per target score:  
a) No adjustment of the target score is required or possible 
b) A higher target score is proposed to the patient   
c) A lower target score is proposed to the patient  
8. The physician informs the patient about the outcome of the MDM, specifically on the 
status of the functional rehabilitation goals. Furthermore, the proposed alterations 
in functional goals are discussed and agreed upon.
9. When all potentially adjusted goals are met, the patient can potentially be discharged 
from the rehabilitation programme if there are no other complicating factors. 
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Table 2. Feasibility topics and corresponding definitions (adapted from Bowen et al., 2009)
Topic Definitions Interviews
Acceptability The way in which the participants respond to the 
intervention and the extent to which the intervention is 
considered suitable, satisfying or attractive
Patients and 
professional
Demand The need for the intervention, along with its estimated 
use and perceived positive and negative effects
Patients and 
professional
Implementation The extent to which the intervention can be fully 
implemented as proposed in an uncontrolled setting
Professional
Practicality The extent to which the intervention can be delivered 




Adaptation The change required to make the intervention content 
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ABSTRACT
Objective
The Barthel Index (BI) is a widely used observer-based instrument to measure 
physical function. Our objective is to assess the structural validity, reliability and 
interpretability of the BI in the setting of geriatric rehabilitation.
Design
Two studies were performed. First, a prospective cohort study was performed in 
which the attending nurses completed the BI at admittance and discharge (n=207). 
At discharge, patients rated their change in physical function on a 5-point Likert 
rating scale. To assess the internal structure of the BI a confirmatory factor analysis 
was performed. Unidimensionality was defined by Comparative Fit Index (CFI) and 
Tucker-Lewis index (TLI) > 0.95 and Root mean square error of approximation 
(RMSEA) < 0.06. To evaluate interpretability, floor/ceiling effects and the Minimal 
Important Change (MIC) were assessed. Predictive modelling was used to calculate 
the MIC. The MIC was defined as going home and minimal patient-reported 
improvement defined as slightly or much improved physical function, which served 
as anchors to obtain a clinical- and patient-based MIC. A second group of 37 geriatric 
rehabilitation patients were repeatedly assessed by two attending nurses to assess 
reliability of the BI. The Intraclass Correlation Coefficient (ICC), Standard Error of 
Measurement (SEM) and Smallest Detectable Change (SDC) were calculated.
Setting and participants
Patients receiving inpatient geriatric rehabilitation admitted to 11 Dutch nursing 
homes (n=244).
Results
Confirmatory factor analysis showed partly acceptable fit of a unidimensional model 
(CFI 0.96, TLI 0.95, RMSEA 0.12). The clinical-based MIC was 3.1 (95% CI 2.0-4.2) and 
the patient-based MIC was 3.6 (95% CI 2.8-4.3). The ICC was 0.96 (95% CI 0.93-0.98). 
The SEM and SDC were 1.1 and 3.0 points, respectively.
Conclusions
The structural validity, reliability, and interpretability of the BI are considered 
sufficient for measuring and interpreting changes in physical function of individual 
geriatric rehabilitation patients.
INTRODUCTION
The primary goal of geriatric rehabilitation is to restore functional ability or enhance 
residual functional capability in older adults with disabling impairments1. Therefore, 
it is essential to have a generic instrument that is able to measure functional activities 
in a valid and reliable way. The Barthel Index (BI) is a widely used observer-based 
instrument for assessing physical function of geriatric rehabilitation patients2,3. The 
BI is an ordinal scale which measures the actual performance of ten basic Activities 
of Daily Life (ADL) like dressing, mobility and grooming in the domain of activities 
of the International Classification of Functioning, Disability and Health (ICF)3,4. 
The BI can be used for multiple clinical purposes such as determining the degree 
of disability, evaluation of treatment effects, (functional) prognosis, discharge 
planning, and identifying home care needs5-7. A shorter version with five items has 
been developed to diminish the administrative burden without compromising the 
psychometric quality of the BI8. Although the five-item BI seems to possess similar 
psychometric qualities as the original BI in neurological rehabilitation patients, some 
issues with reliability and floor effects arose concerning the applicability to stroke 
rehabilitation patients at admission8,9.
Important measurement properties that determine the quality of an instrument 
are: validity, reliability, measurement error and responsiveness10,11. Although the 
BI is supposed to be unidimensional, e.g. measuring one underlying construct, 
uncertainty regarding its dimensionality exists12,13. With regard to reliability, few 
studies have investigated the inter-rater reliability and measurement error of the 
BI when used by untrained nursing staff during geriatric rehabilitation practice14,15. 
One study showed that change scores up to and including 4 points on a scale from 
0 to 20 points should be considered as measurement error in a single nursing home 
resident with a stroke16. For clinicians, it is of paramount importance to know the 
measurement error of a measurement instrument because it helps the clinician to 
decide whether a change score represents a change that is not due to systematic 
or random measurement error10.
For proper interpretation of the BI, the clinician also needs to know whether positive 
change scores represent meaningful improvements from the perspective of the 
clinician and patient. The smallest change in score that patients or clinicians consider 
important, i.e. Minimal Important Change (MIC) must therefore be established17. 
Another issue that potentially can limit the interpretation of the BI during geriatric 
rehabilitation is the ceiling effect, which can be substantial, even in older patients, 
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because the BI does not measure physical activities beyond basic ADL18. Therefore 
we also evaluate whether a significant ceiling effect occurs in the setting of inpatient 
geriatric rehabilitation.
In summary, there seems to be a discrepancy between the widespread use of 
the BI in inpatient geriatric rehabilitation and the available knowledge regarding 
the (1) inter-rater reliability when assessed by untrained nursing assistants, (2) 
structural validity, (3) measurement error and smallest detectable change, and (4) 
minimal important change, which hampers interpretation of the BI in daily clinical 
practice19,20. Therefore, our objective is to evaluate the structural validity, internal 
consistency, inter-rater reliability, and measurement error of the BI and its shorter 
five-item version as a generic measure of physical function in a sample of patients 
undergoing geriatric rehabilitation. In addition, the interpretability of the BI will be 
investigated, including the assessment of the floor/ceiling effects and the MIC from 
the clinical and patient’s perspective.
METHODS
We studied two similar groups of geriatric rehabilitation patients to evaluate the 
measurement properties of the BI. Data collection took place between June 2016 
and June 2017. The Medical Ethics Committee of the VU University Medical Center 
approved the study with a waiver of informed consent (FWA00017598).
Study 1
Design
To study the structural validity, internal consistency, and interpretability a 
prospective cohort study was performed with assessments at admittance and 
discharge.
Participants
Study participants consisted of 207 patients who were admitted to 11 nursing homes 
across the Netherlands specialized in geriatric rehabilitation following a period of 
hospitalization. All new patients who were admitted for geriatric rehabilitation could 
participate in the study. Exclusion criteria were: (1) lack of decisional capacity as 
rated by the attending physician, (2) not mastering the Dutch language. This cohort 
of patients also took part in a study that assessed the measurement properties of 
a patient-reported outcome measure to assess physical function during inpatient 
geriatric rehabilitation.
Measurements and procedures
During the first week of admittance patient characteristics were assessed including 
a Mini Mental State Examination and the Charlson Comorbity Index (range 0-29)21,22. 
In addition, untrained registered nursing assistants completed the BI during the first 
week of admittance and during the last week of the inpatient stay. We used a Dutch 
translation of the Collin and Wade’s version of the BI (See Appendix 1), which most 
care-workers in The Netherlands are familiar with, which is equivalent to the original 
BI (range 0-100)2,23. The range of the Collin and Wade’s BI is 0 to 20; a higher score 
corresponds with a higher level of performing basic ADL21. In addition, we calculated 
the short five-item BI according to Hobart et al8. At the end of the rehabilitation 
period the patient was asked to indicate how much their level of physical functioning 
had changed during the rehabilitation period on a 5-point Likert Global Rating Scale 
(GRS) consisting of the following options: much improved (5), slightly improved 
(4), unchanged (3), slightly deteriorated (2) and much deteriorated (1). The GRS 
was used as an anchor for determining the patient-based MIC. In addition, the 
discharge destination was collected and was used to establish the clinical anchor 
for determining the clinician-based MIC of the BI. Returning home after discharge 
served as the clinical anchor and therefore was considered an important clinical 
improvement as opposed to patients who could not be discharged to their original 
home. Deceased patients were excluded from analyses of the MIC.
Sample size
According to the COSMIN guidelines, at least 7 patients per item with a minimum 
of 100 patients are needed for obtaining sufficient statistical power to assess the 
structural validity and internal consistency11. We planned to analyse 150 patients 
for determining the MIC of the BI. Assuming a maximum dropout rate of 25% we 
aimed at including 200 patients.
Study 2
Design
To study the reliability (inter-rater reliability and measurement error) of the BI, a 
separate cross-sectional study was performed.
Study population
The second study consisted of a cross-sectional sample of inpatient geriatric 
rehabilitation patients admitted to a nursing home with three separate wards.
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Measurements
Two repeated BI assessments were obtained in all patients irrespective of their 
duration of inpatient stay.
Procedure
To mirror the clinical procedures in geriatric rehabilitation in Dutch nursing home 
we chose to have the BI filled in by registered nurse assistants who most often are 
responsible for observing the patient on a daily basis and helping with basic ADL. 
All independently attending registered nurse assistants completed the BI during 
their morning shifts with a time interval of less than 8 hours between the repeated 
measurements. The registered nurse assistants have experience with scoring the 
BI weekly and did not recently received training in assessing the BI. We used a 
pair of assessors per ward making up a total of three different pairs of assessors. 
Because there were three separate wards three different pairs of assessors were 
needed to assess the BI in order to mimic daily clinical conditions. The assessors 
were instructed to assess the patients independently, at the end of their shift, i.e. 
without consulting their colleagues.
Sample size
For analysing the reliability of the BI we expected to obtain an Intraclass Correlation 
Coefficient (ICC) of 0.7 or more and wanted to obtain a confidence interval width 




Analysis of structural validity and internal consistency
We assumed that the BI measures a single underlying construct, i.e. physical function. 
For this reason all items were expected to load on a single factor26,27. A confirmatory 
factor analysis on the polychoric correlation matrix with Weighted Least Squares with 
Mean and Variance adjustment (WLSMV) estimation was used to examine the structural 
validity of the BI. We used M-plus version 7 to perform the confirmatory factor analysis. 
Model fit was tested by means of Bentler’s Comparative Fit Index (CFI), the Tucker-
Lewis Index (TLI), and the Root Means Square Error of Approximation (RMSEA). A good 
model fit was defined by the following criteria: CFI and TLI > 0.95 and RMSEA < 0.0611. 
Internal consistency of the BI, defined as the degree of the interrelatedness 
among the items, was evaluated by calculating Cronbach’s alpha10. A 
Cronbach’s alpha value between 0.70 and 0.95 was considered sufficient28.
Analysis of floor and ceiling effects
The floor effect of the BI was determined by calculating the percentage of patients 
with the worst possible score (0) at the beginning and end of their rehabilitation 
period. The ceiling effect of the BI was assessed by calculating the percentage of 
patients with the highest possible score (20) at the beginning and end of their 
rehabilitation period. A significant floor or ceiling effect was considered present 
when the percentage exceeded 15%28.
Minimal Important Change
The MIC of the BI was estimated by means of the predictive modelling method29,30. 
We used R version 3.4.3 to perform predictive modelling for the MIC and SPSS 
version 22.0 for all other analyses besides the confirmatory factor analysis for which 
we used M-plus version 731. The clinical-based MIC was based on whether the patient 
was discharged to home or not. The patients who were discharged to home were 
regarded as clinically importantly improved and those who were not, were regarded 
as not importantly improved. The patient-based MIC was based on the improvement 
in physical function from the perspective of the patient, which was measured with 
the GRS. Patients who had assessed their change in physical function as slightly 
or much improved were regarded as clinically importantly improved and the not 
improved patients were defined by no change, slightly or much deteriorated physical 
function on the GRS. We adjusted both MICs for the proportion of improved patients, 
as proposed by Terluin et al. 201730. The 95% confidence interval (CI) around the 
adjusted MIC was calculated using non-parametric bootstrapping (1000 samples).
Study 2
Inter-rater reliability and measurement error
Systematic differences between observers at each ward were analysed by paired 
t-tests. The inter-rater reliability was evaluated by calculating the ICC (absolute 
agreement, two-way random effects model). We estimated the variance components 
by means of REstricted Maximum Likelihood Method (REML). 
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The ICCagreement, Standard Error of Measurement (SEM) and Smallest Detectable 











(3) SDC = 1.96 x SEM x √2
The confidence interval around the ICCagreement was calculated by the method of 




In study 1, 207 patients were included with a mean age of 80 years and 42% was 
male. The median length of stay was 35 days (Table 1, Figure 1).
Structural validity and internal consistency
Structural validity and internal consistency were evaluated in 199 of the 207 included 
patients (96%) who all had a complete BI assessment at baseline. The fit indices 
from confirmatory factor analysis were: CFI 0.96, TLI 0.95, RMSEA 0.12 (Table 2). 
Cronbach’s alpha was 0.83.
Floor and ceiling effects
At baseline one patient (0.5%) had the lowest possible BI score and four (2.0%) the 
highest possible BI score. Of all living patients at discharge one patient (0.6%) had 
the lowest possible BI score and 39 (22%) had the highest possible score.
Minimal Important Change
The clinical-based MIC could be determined in 177 patients (86%) with a complete BI 
assessment and known discharge destination. Of these patients the mean change 
BI score was 4.8 (SD 4.0) points. Predictive modelling resulted in a clinical-based 
MIC-value of 3.1 (95% CI 2.0 to 4.2).
Of all patients who completed the GRS and BI assessments (n=168), 87.5% 
experienced slightly or much improvement in physical function during rehabilitation. 
The mean change in BI score of these patients was 5.1 (SD 3.8) and ranged from -11 
to +16 points. Predictive modelling yielded a patient-based MIC-value of 3.6 (95% CI 
2.8 to 4.3). Table 3 shows general patient characteristics and BI scores of the whole 
group including patients with unknown discharge destination and GRS.
Study 2
Inter-rater reliability and measurement error
At one of the three wards, a statistically significant systematic difference between 
two observers was found (0.54 point difference, paired t-test p=0.02) (Table 4). The 
intra-class correlation coefficient (ICCagreement) was 0.96 (n=37, 95% CI 0.93-0.98), SEM 1.1 
(measurement error around a single measurement: 2.1 points) and the SDC was 3.0 points.
Appendix 2 shows the separate results of the five-item BI regarding the floor- and 
ceiling effects, the SEM, ICC and clinical/patient-based MIC.
DISCUSSION
Our study expanded the evidence regarding the structural validity, reliability and 
interpretation of changes in BI-scores in individual geriatric rehabilitation patients. 
The BI possesses sufficient measurement properties for clinical application in 
geriatric rehabilitation. The shorter five-item version of the BI seems to perform 
less well than the original BI.
Two out of three fit indices showed that the structural validity of the BI was sufficient, 
i.e. it measures one construct in the setting of geriatric rehabilitation. However, 
the RMSEA was not sufficient. This is often the case when applied to instruments 
measuring health concepts in contrast to educational tests and an RMSEA of 0.12 
has often been considered acceptable for health measures34. In our study we did not 
study convergent validity because a large body of evidence already exists showing 
that the BI correlates well with validated functional measures19,35-37.
We demonstrated that the inter-rater reliability was sufficient, i.e. an ICC of 0.96 
(95% CI 0.93-0.98). This is comparable with the results reported by Duffy et al., who 
comprehensively reviewed studies on the inter-rater reliability of the BI applied to 
stroke patients with different kinds of observers (weighted kappa of 0.93 (95% CI 
0.90-0.96))15. Only one previous study specifically evaluated the inter-rater reliability 
of the BI among nurse assistants and nurses as in our study38. The conclusion was 
that the BI assessment performed by nurse assistants was reliable, based on 
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weighted kappa’s above >0.40 for each BI item. Unfortunately, the authors did not 
report the reliability of the total score.
With regard to the measurement error of the BI we found that the measurement 
error around a single measurement is 1.1 points and that the SDC is 3 points, which 
is 15% of the whole range. Despite the initial purpose of the developers of the BI to 
measure clinical improvement in individual patients, few studies have reported on 
the measurement error of the BI4. Hsieh et al. studied the measurement error of the 
20-point BI in stroke patients16. They found a SEM of 1.5 and an SDC of 4.0, close to 
our values. Hobart et al. found a SEM of 1.8 in a population of stroke rehabilitation 
patients from which one can calculate a SDC of 5.0 on the 20-point BI8.
With regard to the interpretability we found that the MIC from the clinical perspective 
was 3.1 points and from the patient’s perspective 3.6 points both which were just 
above the measurement error of a single change score of 3.0 points (SDC). Hsieh et 
al. reported a much lower patients’ MIC of 1.85 points (95% CI 0.89-2.81) in stroke 
patients receiving occupational therapy compared to our value of 3.6 points (95% 
CI 2.8 to 4.3), which was estimated by simply calculating the mean BI change in the 
group of patients that reported that their change was minimally improved16. This 
only provides a crude estimate of the patients’ MIC but does not adjust for random 
BI changes observed in the unchanged group as in our method of estimating the 
patients’ MIC30. Furthermore, the study population of Hsieh et al. differed from our 
population; the mean age was much lower (55y vs. 80y), consisting of stroke patients 
with a post stroke mean duration of 70 days at baseline compared to geriatric 
patients with varying diagnoses immediately following a hospital admission. 
This was reflected in fewer patients who were regarded as substantially or much 
improved compared to our study (30.2% versus 56%)16. In short, our estimate of the 
patients’ MIC of 3.6 points is probably more accurate when applied to a population of 
geriatric rehabilitation patients than the previous reported estimate of 1.85 points.
Finally, we were interested in whether the BI covers the whole range of physical 
functioning of geriatric rehabilitation patients because this has never been 
investigated in a population of geriatric rehabilitation patients with varying 
diagnoses and because the BI is notorious for ceiling effects at baseline in patients 
with mild stroke and in elderly patients18,38. In the present study we found no 
substantial floor and ceiling effect at admittance. At discharge, 22% of patients 
achieved the maximum BI score of 20, which from a clinical point of view might not 
constitute a problem because the BI aims to assess basic ADL tasks and not higher 
functional activities. On the other hand, if one wants to discern patients across the 
whole range of physical function the BI is not adequate and should be supplemented 
with other functional measures.
Strengths and limitations
The study design reflected the circumstances in daily clinical practice of inpatient 
geriatric rehabilitation patients with various diagnoses that ensures that the 
results can directly be applied to all patients in this setting. To strengthen the 
generalizability of our findings, we recruited observers from multiple wards, thereby 
diminishing the influence of variation in the individual competency of observers. 
With regard to the assessment of interpretability, we provided both a clinical-based 
MIC and a patient-based MIC to further improve the scope of the BI. We choose 
a clinical relevant outcome both to clinicians and patients (returning home after 
rehabilitation) to serve as a clinical anchor instead of a GRS filled in by a clinician 
in order to avoid circular reasoning of the attending physician based on the clinical 
available BI scores of the patient under study.
A limitation of our study was that the estimation of the patient-based MIC could 
be affected by poor memory of the physical abilities of the patient at admittance, 
especially in patients with impaired cognitive functioning at admittance40.
CONCLUSION
Our results demonstrated that the BI is suitable to measure changes in physical 
function of individual geriatric rehabilitation patients, irrespective of their clinical 
condition. The BI is therefore suitable to be clinically applied as a general measure 
of physical function in inpatient geriatric rehabilitation. The results add evidence 
regarding the measurement properties which were previously unknown in this 
setting, namely the reliability when used by untrained nursing assistants, and 
quantified measurement error, smallest detectable change and minimal important 
change both from the perspective of the patient and the clinician.
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FIGURE, TABLES AND APPENDIX
Table 1. Characteristics of study participants
Study 1 Study 2







Age in y, mean (SD) 80 (8.3) 74 (11)










Living alone, n (%) 142 (69%) N.A.



















2 (2, 0-9) N.A.













* Low: up to and including lower technical and vocational training; medium: up to and 
including secondary technical and vocational training; high: up to and including higher 
technical and vocational training and university.
4
74 75
Measurement properties of the Barthel Index in geriatric rehabilitationChapter 4
Table 2. Results from the confirmatory factor analysis (study 1)















RMSEA (90% CI) 0.124 (0.104-0.146)
*CFI comparative fit index, TLI Tucker-Lewis Index, RMSEA root mean square of 
approximation
Table 3. Results of study 1
Study outcomes Cohort 1 (n=207)
Discharge destination, n (%)
Home
Residential care facility












Patient global rating scale of change in physical 




























































*Of three patients only total scores were available.
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Table 4. Results of study 2
Cohort 2 (n=37)
Ward A Ward B Ward C
BI
Mean (SD), n
Observer 1 (n=10) 9.9 (7.2)
Observer 2 (n=10) 10 (7.3)
Observer 3 (n=7) 11 (5.4)
Observer 4 (n=7) 11 (5.3)
Observer 5 (n=20) 11 (3.9)
Observer 6 (n=20) 12 (3.7)
Paired t-test, p-value p=0.19 p=0.63 p=0.02
Appendix A. The BI form used in the present study23
Item Description Score
Bowels Incontinent (or needs to be given enemas) 0 □
Occasional accident (less than once a week) 1 □
Continent 2 □
Bladder Incontinent, or catheterized and unable to manage alone 0 □
Occasional accident (maximal once per 24 hrs) 1 □
Continent 2 □
Grooming Needs help with personal care 0 □
Independent face/hair/teeth/shaving (implements provided) 1 □
Toilet use Dependent 0 □
Needs some help, but van do something alone 1 □
Independent (on and off, dressing, wiping) 2 □
Feeding Unable 0 □




Transfers (bed to 
chair and back)
Unable 0 □
Major help (one or two people, physical) 1 □
Minor help (verbal of physical) 2 □
Independent 3 □
Mobility Immobile 0 □
Wheelchair independent, including corners 1 □
Walks with help of one person (verbal or physical) 2 □
Independent (but may use any aid) 3 □
Appendix A. Continued
Item Description Score
Dressing Dependent 0 □
Needs help but can do about half unaided 1 □
Independent (including buttons, zips, laces, etc.) 2 □
Stairs Unable 0 □
Needs help (verbal, physical, carrying aid) 1 □
Independent 2 □
Bathing Dependent 0 □
Independent (or in shower) 1 □
Total score
Appendix 2. The results of the five-item BI with an equivalent score range of 0-20.
Outcomes Cohort 1 (n=207) Cohort 2 (n=37)
Five-item BI at admittance
Median (IQR)
Number of lowest possible score (%)






Five-item BI at discharge
Median (IQR)
Number of lowest possible score (%)






Change five-item BI score






Clinical based MIC (95% CI) 4.4 (3.1-5.6)
Patient based MIC (95% CI) 4.5 (3.5-5.5)
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ABSTRACT
Purpose
To develop and test the validity of a Patient-Reported Outcomes Measurement 
Information System (PROMIS®) short form for measuring physical function of 
geriatric rehabilitation patients.
Methods
Experts selected items from the Dutch-Flemish PROMIS v1.2 Physical Function 
(PROMIS-PF) item bank and proposed new items to develop the PROMIS-PF 
short form for geriatric rehabilitation (PROMIS-PF-GR). Patients evaluated its 
content validity. Structural validity was assessed by evaluating unidimensionality 
(confirmatory, exploratory and bi-factor analyses [criterion: Omega H>0.80 and ECV> 
0.60]), local independence (criterion: residual correlation <0.20) and monotonicity 
(criterion: Hi-coefficient ≥0.30). Measurement invariance was assessed by evaluating 
Differential Item Functioning (DIF) between geriatric rehabilitation patients and 
people from the general population using ordinal logistic regression. Internal 
consistency was assessed by calculating Cronbach’s alpha (criterion: alpha ≥0.70).
Results
Experts selected 24 items from the PROMIS-PF item bank and proposed one new 
item, which was not included in the short form. Patients considered the 24 items 
relevant and containing essential information. The PROMIS-PF-GR’s psychometric 
properties were evaluated in 207 patients (mean age±SD, 80.0±8.3y.; 58% female). 
The 24 items were found to be sufficiently unidimensional (Omega H=0.82, 
ECV=0.70), locally independent (98.7% item pairs) and monotone (all ≥0.32). Five 
items were flagged for DIF but their impact on the total score was negligible. 
Cronbach’s alpha was 0.94.
Conclusion
The PROMIS-PF-GR was developed from the PROMIS-PF and has good content 
validity, structural validity, measurement invariance and internal consistency in 
Dutch geriatric rehabilitation patients. We recommend to confirm the content 
validity of the PROMIS-PF-GR in other countries.
INTRODUCTION
Patient-Reported Outcome Measures (PROMs) are beneficial for the practice 
of geriatric rehabilitation because they obtain information about the perceived 
health directly from the patient and this can potentially enhance patient-physician 
communication1,2. One of the most important goals of geriatric rehabilitation is to 
restore or improve physical function, defined as the degree to which a person is 
able to execute a task or action. Therefore, a PROM measuring physical function 
would be especially useful for the geriatric rehabilitation setting3. Multiple PROMs 
are available to measure physical function in geriatric patients4. However, many of 
these PROMs have major developmental and psychometric shortcomings, which 
implies that currently no high quality PROM is available to measure physical function 
in this patient group4. The absence of such an instrument generates the need to 
improve existing PROMs or to develop a new high quality PROM.
The Patient-Reported Outcomes Measurement Information System (PROMIS®) 
is a psychometrically sound and clinically meaningful measurement system for 
measuring Patient Reported Outcome (PRO) domains like pain, depression and 
physical function5,6,7. PROMIS consists of item banks that measure symptoms and 
aspects of health-related quality of life. The banks are applicable in a wide range of 
medical conditions5. Each bank consist of a set of items (questions) with responses 
(answers) that measure the same domain (construct, in this case, physical function) 
and whose item parameters have been established using Item Response Theory 
(IRT) analyses5,6,8. PROMIS scores are reported using a T-score metric (scale or ruler) 
in which a score of 50 represents the mean score of the general (U.S.) population 
with a standard deviation (SD) of 10. This makes it possible to compare an individual 
patient score to the mean score in the general population, facilitating interpretation9.
An important advantage of PROMIS is that subsets of items of an item bank can 
be used as so-called short forms, consisting of a fixed subset of highly informative 
items. Short forms can yield an accurate estimate of a measured domain for a 
specific patient group7. In comparison to the full item bank they have the advantage 
of being shorter in length without loss of content validity7. Another advantage of 
short forms is that patients and professionals can specify the content they wish 
to measure10. Related to this, the measure can be tailored to the expected level of 
the target population at issue on the metric, in this case the expected low level of 
physical functioning of geriatric rehabilitation patients.
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The PROMIS Physical Function (PF) v1.2 item bank measures self-reported capability 
and includes lower and upper extremities, central regions and activities of daily 
living11. It has been translated into Dutch according to PROMIS guidelines and 
validated in several Dutch clinical samples12-15. It consists of 121 items scored on a five 
point Likert scale, with a higher total score representing a higher level of functioning. 
Several PROMIS PF short forms have been developed and validated to measure the 
full range of the PROMIS PF scale10,16,17. However, geriatric rehabilitation patients are 
likely to score at the lower and middle end (T-scores <40) of the physical function 
scale and, thus there is no need to ask questions about higher levels of physical 
function in these patients18-20. In addition, some items included in the standard PF 
short forms are not applicable in the geriatric rehabilitation setting. For example, 
after total hip replacement some activities cannot be performed because bending 
of the hip more than 90 degrees is forbidden. Thus, certain standard items cannot 
reliable measure level of physical function in these patients. Therefore we chose 
to develop a tailored short form instead of validating one of the existing PROMIS 
PF short forms. The objective of this study was to develop and validate a custom 
PROMIS PF short form for geriatric rehabilitation patients.
METHODS
Development
We aimed to select the items from the PROMIS PF item bank that were relevant to 
geriatric rehabilitation patients. In addition, we considered adding new items that 
were considered essential for measuring physical function in this group of patients.
We developed the PROMIS-PF-GR short form according to COSMIN guidelines21. 
Firstly, we recruited an expert panel consisting of experienced professionals 
working in a specialized skilled nursing home facility: two geriatric rehabilitation 
physicians, two physical therapists and two occupational therapists. The experts 
were asked to select items from the v1.2 PROMIS PF item bank and to suggest 
new items for the PROMIS-PF-GR. One researcher (ES) facilitated the meeting and 
ensured that all experts had an opportunity to respond and contribute to the item 
selection and discussion. Another researcher (HB) made notes and summarized 
the responses of the experts. Both researchers had received training and had 
experience in qualitative methods. They were non-directive and did not contribute 
to the discussion. Table 1 summarizes the procedure and provides more details 
about the expert meeting.
Secondly, we evaluated the content validity (relevance, comprehensiveness, and 
comprehensibility) of the PROMIS-PF-GR in geriatric rehabilitation patients. It was 
impractical to organise a patient consensus meeting, because of the frail nature of 
the patients and logistic problems. Therefore, we interviewed six patients, that were 
admitted to geriatric rehabilitation, individually. These patients were purposively 
sampled, aiming at a variety regarding age, gender and diagnosis groups. The 
interviews with patients was performed by the same researchers (ES, HB). In 
addition, we measured the time for completing the PROMIS-PF in these patients. 
Table 2 summarizes the procedure.
According to PROMIS policies a newly created item can definitely be added to a 
short form if this item improves its psychometric properties22. We decide therefore 
to include new items only, if they would meet these conditions.
PSYCHOMETRIC TESTING
Participants test phase
A first sample, used to study structural validity, measurement invariance and 
internal consistency, consisted of geriatric rehabilitation patients from 11 nursing 
homes in the Netherlands, with a specialized inpatient geriatric rehabilitation ward, 
included between June 2016 and March 2017. In the Netherlands, frail or older 
patients who have been admitted to hospital are eligible for geriatric rehabilitation. 
However, patients with active delirium or dementia are formally not eligible for 
geriatric rehabilitation. Patients were screened at admission to the ward for study 
eligibility. Exclusion criteria were: decision incompetent patients (as rated by the 
attending physician), patients who did not master the Dutch language, or patients 
who did not sign informed consent.
A second sample, used to study measurement invariance, consisted of persons 
from the Dutch general population. This sample was obtained using an existing 
internet panel polled by a certified company (Desan Research Solutions) and was 
representative of the Dutch general population (maximum of 2.5% deviation) with 
respect to distribution of age (18-40; 40-65; >65), gender, education (low, middle, 
high), region (north, east, south, west), and ethnicity (native, first and second 
generation western immigrant, first and second generation non-western immigrant), 
based on data from Statistics Netherlands in 201623.
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Procedure
The geriatric rehabilitation patients were measured at the week of admission, three 
days after the first measurement and at discharge. For the current study we used 
the following admission data: demographic and clinical characteristics, presence 
of a caregiver, comorbidity status, according to the updated Charlson Comorbidity 
Index (CCI), cognitive functioning, according to the Mini Mental State Examination 
(MMSE), and functional status, according to the PROMIS-PF-GR. The attending 
physician rated the CCI. The other information was provided directly by the patients. 
When patients were not able to complete the PROMIS-PF-GR, a research assistant 
read each item aloud and the patient verbally expressed his/her answer, which the 
research assistant filled in. The persons from the general Dutch population were 
measured at a single time point only.
Measures
The updated CCI is widely used to measure burden of disease and predict 
mortality24,25. A score is obtained by assigning a specific weight to each of 12 
comorbidity conditions, yielding a maximal score of 24 points, a higher score 
represents a higher risk of mortality.
The MMSE is a widely used screening test to measure cognitive functioning26. The test 
consists of 11 questions, grouped in 7 categories, representing different cognitive 
domains or functions, which are added to a total score. The total score ranges from 
0 to 30 and a higher score represents a higher level of cognitive functioning.
Analysis
Missing data were examined for likelihood of systematic or random patterns by 
analysing frequencies and patterns of missing data. Descriptive statistics were 
used to present demographic and clinical characteristics, We used SPSS (IBM SPSS 
Statistics for Window, version 22.0, Armonk, NY: IBM Corp.) for these analyses.
Structural validity
We expected that the PROMIS-PF-GR items would load on a single factor as they 
have mainly been derived from the unidimensional PROMIS-PF item bank. This was 
first tested with Confirmatory Factor Analysis (CFA)15,27,28. Model fit was tested by 
means of the scaled Bentler’s Comparative Fit Index (CFI), the Tucker-Lewis Index 
(TLI) and the Root Means Square Error of Approximation (RMSEA). An acceptable 
model fit was defined by the following cut off values: CFI and TLI ≥ 0.95, RMSEA ≤ 
0.0828,29. A rather liberal criterion of 0.08 was used for the RMSEA because it has 
been suggested that a commonly used criterion for the RMSEA of 0.06 is too strict 
for health outcomes30. The minimal factor loadings of the items were set at 0.40, and 
items would be considered for removal in case of lower loadings. We used R Package 
lavaan (version 0.6-5) for these analyses. We further performed an Exploratory Factor 
Analysis (EFA) on the polychoric correlation matrix with weighted least square mean 
and variance (WLSMV) estimation procedures using the R package psych (version 1.7.5) 
and the ratio of the variance explained by the first compared to the second factor 
greater than 4 was considered supportive of unidimensionality8. Next, the influence of 
multidimensionality was explored by fitting a bifactor model and calculating Omega-H, 
Omega total, and explained common variance (ECV). When fitting multidimensional 
data into a unidimensional model, a high coefficient Omega H (> 0.80) and a 
high ECV (> 0.60) indicates that the risk of biased parameters model is low31,32.
Local dependence was assessed by examining the residual correlation matrix 
resulting from the single factor CFA mentioned above. Residual correlations greater 
than 0.20 were considered indicators of possible local dependence8. Finally, we 
assessed monotonicity as a measure of scalability with the R-package Mokken. We 
considered monotonicity acceptable if the scalability coefficients of the items were 
at least 0.30, and the scalability coefficient for the total scale was at least 0.5033.
Measurement invariance
Measurement invariance was assessed by evaluating Differential Item Functioning 
(DIF), exploring whether people from different groups, in our study GR patients 
versus persons from the general population, with the same level of functioning 
have different probabilities of giving a certain response to an item34,35. We evaluated 
DIF by a series of ordinal logistic regression models, which model the probability of 
giving a certain response to an item as a function of the level of physical function 
(estimated based on all items using a Graded Response Model), a group variable 
(GR patients versus general population), and the interaction between the level of 
physical function and the group variable. We used a McFadden’s pseudo R2 change 
of at least 2% between the models as a criterion for DIF36. Uniform DIF exists when 
the magnitude of the DIF is consistent across the entire range of function. Non-
uniform DIF exists when the magnitude or direction of DIF varies across levels of 
function. The impact of DIF on the test score was examined by comparing the Test 
Characteristic Curve (TCC) for all items (ignoring DIF) and the TCC for the DIF items 
only37,38 and visually inspecting the area between the two curves. We used the R 
package lordif (version 0.3-3)36 for these analyses.
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Internal consistency
Internal consistency was determined by calculating item-total correlation and 
Cronbach’s alpha and values of >0.40 and respectively ≥0.70 were considered 
sufficient38,39. We used SPSS for this analyses.
Sample size
The DIF analysis required the largest sample of patients. We strived for 200 
evaluable patients40.
Ethical aspects
The study was approved by the Medical Ethics Review Board of VUmc University 
Medical Center, Amsterdam, The Netherlands (no. FWA00017598).
RESULTS
Development
The expert panel rated 101 out of 121 items of the databank PF as potentially 
relevant. During the expert meeting the professionals reached consensus on a 
preliminary short form of 26 items. This number of items was considered feasible 
and sufficient to cover the construct of physical function. The professionals added 
one new item: “Are you able to ride a bicycle outdoors for at least ten minutes?”. 
During the patients interviews, one item (item PFC43) out of these 27 items was rated 
as unclear and was removed. In addition, two items were considered more of less 
similar (items PFA5 and PFB13), so one of these was removed as well (item PFB13).
The patients considered the remaining 25 items relevant and no essential 
information was considered missing. Table 3 provides an overview of the 25 items 
included in psychometric testing.
Psychometric testing
A total of 207 GR patients were included in the study. Table 4 summarizes their 
characteristics. Most patients were female (58%) and their mean age was 80 years. 
The main reasons for admission to rehabilitation were: stroke (15.5%); elective total 
joint replacement (15.9%) and trauma, including fractures (27.1%). The mean CCI 
score was 1.5. The mean MMSE score was 25, indicating relatively low cognitive 
functioning, and about a quartile of the participants (24%) had a MMSE score ≤23, 
which suggests cognitive dysfunctioning26. No item scores were missing.
Structural validity and internal consistency
The fit indices of the 25 items indicated good model fit regarding CFI (0.95) and TLI 
(0.95), while the RMSEA (0.08, 95%CI 0.074-0.090) indicated marginally good fit. All 
item factor loadings were > 0.40 (range: 0.44 – 0.91). EFA first factor eigenvalue 12.4, 
second factor 2.05, ratio 6.07. Bi-factor analysis: Omega H 0.82, Omega total 0.95, 
ECV 0.70. Out of 300 unique item pairs, 17 pairs (5.6%) had a residual correlation 
>0.20. Monotonicity: H items 0.33-0.65, H scale 0.52. Cronbach alpha was 0.94. Two 
items had an item-total correlation lower than 0.40: items PFNL01 (0.35) and PFC47 
(0.37). Given this low item-total correlation, it was decided to remove item PFNL01 
as this was a new created item that did not seem to improve the psychometric 
properties of the short form. Item PFC47 was kept because, according to the 
experts, it has good face validity to determine lower physical function in geriatric 
rehabilitation patients, the factor loading was also sufficient.
As a consequence the analyses were repeated on the remaining 24 items. The CFA fit 
indices remained sufficient for CFI (0.95) and TLI (0.95), while RMSEA became marginally 
unacceptable 0.09 (90%CI 0.077-0.094). EFA first factor eigenvalue 12.5, second factor 
1.90, ratio 6.56. Bi-factor analysis: Omega H 0.83, Omega total 0.95, ECV 0.71. Out 
of 300 unique item pairs, nine (2.7%) pairs had negative (<-0.20) and four (1.3%) 
pairs (PFB36-PFB30, PFA37-PFC39, PFA54-PFB30, PFA54-PFB36) positive residual 
correlations (0.245-0.332). Monotonicity: H items 0.32-0.65. H scale 0.52. Finally, factor 
loading, item-total correlations and Cronbach alphas did not change considerably 
for the 24 items model. In conclusion, data showed that the 24 item PROMIS-PF-
GR has sufficient unidimensionality. The final PROMIS-PF-GR therefore consisted of 
24 items and the subsequent analyses were conducted on this version. The time 
needed for completing the PROMIS-PF-GR ranged between four and seven minutes.
Measurement invariance
The general population sample that was used for DIF testing consisted of 1310 
people, 53% was female and their mean age was 51 (range 19-87). Five out of the 
24 items were flagged for uniform DIF for GR patients versus general population: 
PFA37, PFA53, PFA54, PFB36 and PFC45r1. The McFadden’s pseudo R2 values for 
change of these five items ranged from 0.023 to 0.029 which was just above the 
criterion of 0.02. Four out of the five (PFA37, PFA54, PFB36, PFC45r1) TCCs were 
slightly higher in the GR patients than in the general population sample, indicating 
that GR patients endorsed higher response categories at the same level of physical 
function. The impact of DIF on the total score was negligible.
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T-scores
The mean T-score of the PROMIS-PF-GR was 26 with a range of 11 to 51. The mean 
T-score metric of the general (U.S.) population is 50 with a standard deviation (SD) of 
10, a score between 30 and 40 represents moderate limitations (70% of the patients 
in this sample) and below 30 severe limitations (23% of the patients in this sample) 
in physical function41. Thus, the scores of the geriatric rehabilitation patients ranged 
from average to more than two SDs below average and 93% of the sample had a 
T-score that is considered moderate or less.
DISCUSSION
We developed and tested content validity, structural validity, measurement 
invariance and internal consistency of the PROMIS-PF-GR, a PROM intended to 
measure self-reported physical function in GR patients. It was developed based 
on the existing validated PROMIS PF item bank, with involvement of experienced 
professionals and geriatric patients and contains 24 items. The content validity and 
structural validity were considered sufficient. Five items from the PROMIS-PF-GR 
were flagged for uniform DIF, but their impact on the total score was negligible. 
The internal consistency was sufficient. Only item PFC47 had a corrected item-total 
correlation lower than 0.40, which suggest that this item does not correlate well 
with the other items of the PROMIS-PF-GR. However, we decided to keep this item 
because the experts agreed that this item has good face validity for measuring 
lower physical function.
The expert group suggested one new item (PFNL01) which examines the ability to 
ride a bicycle outside. In the Netherlands, riding a bicycle is a culturally relevant 
physical activity and adding this item would contribute to the content validity. From 
an international perspective, however, adding this item might be less appropriate 
as riding a bike is not relevant in all cultural contexts. Moreover, as this item is not 
included in the original PROMIS PF item bank and our sample size was too small to 
estimate its parameters, it is not possible to calculate a T score including this item. 
Furthermore, the item showed a low item-total correlation. We concluded, therefore, 
that we do not have evidence that adding this item improves the psychometric 
properties of the short form, and we decided to remove the item from the current 
version of the PROMIS-PF-GR. We recommend further research in a larger sample, to 
evaluate whether adding an item on riding a bicycle would improve the psychometric 
properties of the PROMIS-PF-GR.
An important reason for developing a custom short form instead of validating 
an existing PROMIS short form was the expected lower T-score range of geriatric 
rehabilitation patients. The T-scores of the PROMIS-PF-GR in this study ranged 
from 11 to 51, with a mean of 26. According to PROMIS guidelines a T-score below 
30 is representative for severe limitations in physical function, which supports 
our hypothesis that geriatric rehabilitation patients are likely to score at the 
lower and middle end of the physical function scale.In comparison, the possible 
range of T-scores for the standard PROMIS-PF 20a short form is 9 to 63, with an 
expected mean of 50 in the general population41,42. This shows better targeting 
of the PROMIS-PF-GR than the standard PROMIS-PF 20a for geriatric patients. In 
addition, the content of the PROMIS-PF-GR is considered more relevant for geriatric 
patients as compared to the standard PROMIS-PF short forms, which contain some 
inappropriate items for this population.
An unexpected finding of this study was the relatively low cognitive functioning 
of the participants in the first week of admission, as indicated by the MMSE 
score. It has been shown that it is hard for persons with cognitive impairments 
to understand questions and choose response options43,44. Kramer and Schwartz 
recently proposed specific recommendations for the use of PROMs in the presences 
of cognitive impairment on content, layout and administration45. We believe that 
we have to a large extent complied with these recommendations. The PROMIS-
PF-GR was administered as a paper version instead of using a computer or device 
and in case patients still were not able to complete this paper version, a research 
assistant read each item aloud and the patient verbally expressed his/her answer, 
which the research assistant filled in. In conclusion, our study results suggest that 
it is possible to measure self-reported physical function even in the presence of 
low cognitive functioning. This is in line with findings of Tatsuoka et al. who found 
that cognitive status generally did not have a significant effect on PROMIS Physical 
Function scores46.
The current study showed that the PROMIS-PF-GR had sufficient unidimensionality 
bi-factor analysis Omega H 0.82, ECV 0.70) This is in accordance with the original 
PROMIS PF developmental study as well as with three validation studies of this 
item bank in the Netherlands11-14. Unidimensionality is an important prerequisite 
to enable IRT-based scoring and this also makes it possible to compare T-scores of 
our custom short form to the original PROMIS item bank and other shorts forms. 
We found four item pairs (1.3%) with positive residual correlations >0.20, indicating 
some degree of local dependence. This is likely due to similarities in wording (for 
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example, button a shirt and put on a sweater, two items about standing), which 
are not affecting the measurement of the construct of physical function. Moreover, 
the impact on the total score will probably be small. Nine item pairs had negative 
residual correlations, indicating some degree of multidimensionality, which is 
in line with the relatively high RMSEA (0.09). However, the scale was considered 
‘unidimensional enough’ based on the bi-factor results. There were no problems 
with monotonicity. We therefore conclude that it is possible to create custom short 
forms with good measurement properties from an existing IRT-based item bank.
Several custom PROMIS PF short forms have been developed recently and tested 
in clinical groups and older people. The structural validity of a custom 16-item 
PROMIS PF short form was determined with CFA in a group of patients with cancer 
(n=5318). This study found comparable results for the CFI (0.98), however the RMSEA 
(0.11) showed suboptimal fit16. Another study developed multiple PROMIS PF short 
forms and evaluated the validity in comparison to traditional legacy instruments in 
“normal” aging people over 65 years and those with osteoarthritis and rheumatoid 
arthritis (RA)17. This study concluded that these short forms outperformed legacy 
instruments and recommended their use instead of the legacy instruments. Oude 
Voshaar et al. developed a 20-item PROMIS short form by selecting items that 
corresponded to the ICF core set for RA10. They concluded that the short form 
reflected the physical function domain for patients with RA and the measurement 
precision surpassed that of other physical function instruments10. The study did not 
address the structural validity of the short form.
One important advantage of PROMIS is that subsets of items of an item bank can be 
used either as short forms or as Computerized Adaptive Tests (CATs). CATs use an 
algorithm that selects the most informative items from the item bank, based on the 
individual’s responses to previously administered items. CATs have the advantage 
of measuring the ability level of a person with a minimal number of items without 
loss of measurement precision47,48. Important disadvantages of CATs are their need 
for information technology and the costs related to this14. Although CATs might be 
superior to short forms, in terms of feasibility, reliability and responsiveness, we 
decided to develop a short form, because of technical difficulties and cost of using 
CATs in geriatric rehabilitation12,13,47.
One of the strengths of this study is that the PROMIS-PF-GR was developed based 
on items of the PROMIS-PF item bank. PROMIS item banks have been calibrated, 
validated and have well established item parameters5,6,8. As a consequence, total 
scores of the PROMIS-PF-GR can be converted into T-scores, which are anchored 
to the general population, which facilitates the interpretability of the PROMIS-PF-
GR scores and enables comparisons with PROMIS-PF item bank scores. Another 
strength was that the PROMIS-PF-GR was tested in multiple geriatric rehabilitation 
wards across the country. There are also some limitations to this study. Firstly and 
most importantly, because of the frail nature of the patients, we were not able to 
hold a patient consensus meeting. Still, we involved individual geriatric patients 
in the developmental phase and the input of these patients was essential in the 
final composition of the PROMIS-PF-GR. Secondly, we did not include existing 
questionnaires as a potential source for the development of new items for the 
short form. However, we felt that existing questionnaires were already sufficiently 
screened by the developers of the original PF item bank [49]. Thirdly, the PROMIS-
PF-GR contains 24 items, which can be considered too long for a single domain 
measure in clinical practice settings. Still, the PROMIS-PF-GR contains items which 
are considered relevant for geriatric rehabilitation by both patients and experts. 
The time for completing the PROMIS-PF-GR ranged between four and seven minutes 
which can be regarded as acceptable.
Before implementing the PROMIS-PF-GR into the field of geriatric rehabilitation, 
future studies should determine other important measurement properties of 
the PROMIS-PF-GR, like test-retest reliability, responsiveness and its clinical 
interpretability. In countries where the PROMIS-PF item bank has already been 
translated, the PROMIS-PF-GR items can be created from the language specific 
PROMIS-PF item bank. We recommend to confirm the content validity of the 
PROMIS-PF-GR in countries outside the Netherlands.
CONCLUSION
The PROMIS-PF-GR is a new IRT-based PROM consisting of 24 items to measure 
self-reported physical function in geriatric rehabilitation patients. It has been 
developed as a short form from the PROMIS Physical Function item bank with the 
involvement of both experienced professionals and geriatric rehabilitation patients. 
It has sufficient content validity, structural validity, measurement invariance and 
internal constancy, and its T-score can be compared to short forms and CATs from 
the same item bank.
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FIGURE, TABLES AND APPENDIX
Table 1: Selection of the content and items of PROMIs-PF-GR by an expert panel
Prior to the expert consensus meeting
1. The experts received all 121 items of the PF item bank by email and were instructed 
to review independently the 121 items and judge their usefulness for evaluating 
physical function of geriatric rehabilitation patients. Experts were specifically  
instructed to review each individual item and indicate their relevance (i.e. yes/no).  
Moreover, they were instructed, if necessary, to add new items. The results of these 
reviews were sent to the primary researcher (ES).
2. The primary researcher (ES) compiled a list of all items that were considered relevant 
by at least one expert.
During the expert consensus meeting
3. The meeting started with an explanation of the goal of the meeting and a  
presentation of the compiled list. 
4. Experts were instructed to select 10 to 20 items, as a non-obligatory guideline, 
which should potentially cover the whole range of physical function of geriatric 
rehabilitation patients. The experts were also instructed to select and agree on 
the items, which should be part of the preliminary short form. 
5. An open discussion followed between the expert panel.
6. Once consensus had been reached about the items from the PF item bank that 
should be included in the preliminary short form, experts were instructed to 
come up with new items which were not part of the item bank PF and were  
regarded as essential for measuring physical function in this group of patients.   
 
Table 2: Evaluation of the content of the preliminary PROMIS-PF-GR by geriatric rehabilitation patients
1. The preliminary PROMIS-PF-GR was presented to the patients and they were asked 
to comment on the included items, especially commenting on the relevance of the 
items. In others words, they were asked whether these items represented aspects 
of physical function that they considered most important during rehabilitation.
2. Patients were instructed to fill in the preliminary PROMIS-PF-GR, with final lay-out, wording 
of the instructions, items and response options, and to evaluate the formulation 
the instructions, recall period, and wording of the items and response options, in order 
to check their comprehensibility.
3. During both steps, patients were also asked to suggest elimination of items, if deemed 
unnecessary. In addition, patients were asked if there were missing items or information. 
If necessary they were supported to formulate new items for the PROMIS-PF-GR.
4. Finally, the input of all patients was compared. An item was added to the PROMIS-PF-GR, 
if at least one patient suggested this extra item. An item was removed, if two or 
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Table 3. Content of the PROMIS-PF-GR with item total correlation and individual factor loadings
Item 
number*




PFA5 Does your health now limit you in lifting or 
carrying groceries?
0.60 0.79
PFA17 Are you able to reach into a high cupboard? 0.63 0.73
PFA23 Are you able to go for a walk of at least 15 
minutes?
0.57 0.84
PFA30 Are you able to step up and down curbs? 0.69 0.78
PFA37 Are you able to stand for short periods of time? 0.66 0.75
PFA45 Are you able to get out of bed into a chair? 0.75 0.86
PFA47 Are you able to pull on trousers? 0.72 0.82
PFA52 Are you able to tie your shoelaces? 0.62 0.77
PFA53 Are you able to run errands and shop? 0.62 0.89
PFA54 Are you able to button your shirt? 0.43 0.57
PFB3 Does your health now limit you in putting a trash 
bag outside?
0.55 0.79
PFB11 Are you able to wash dishes, pots, and utensils 
by hand while standing at a sink?
0.71 0.85
PFB17 Are you able to put on and take off your socks? 0.73 0.85
PFB30 Are you able to open a new milk carton? 0.46 0.56
PFB36 Are you able to put on a pullover sweater? 0.55 0.67
PFB48 Does your health now limit you in taking a 
shower?
0.64 0.68
PFC6r1 Are you able to walk a block (about 100 m) on flat 
ground?
0.61 0.73
PFC37 Does your health now limit you in climbing one 
flight of stairs?
0.60 0.81
PFC39 Are you able to stand without losing your 
balance for several minutes?
0.57 0.67
PFC45r1 Are you able to sit on and get up from the toilet? 0.71 0.80
PFC47 Are you able to be out of bed most of the day? 0.37 0.44
PFC51 Are you able to wipe yourself after using the 
toilet?
0.60 0.71
PFC52 Are you able to turn from side to side in bed? 0.61 0.68
PFC53 Are you able to get in and out of bed? 0.81 0.91
*Item names in the PROMIS PF item bank 






Age, mean (SD; range) 80 (8.3; 61-95)
Primary diagnosis, n (%)
 Stroke









Updated Charlson Comorbidity Index,
mean (SD; range)
1.5 (1.8; 0-9)
Mini Mental State Examination, mean
(SD; range)













Abbreviations: n, sample size; PROMIS-PF-GR, PROMIS Physical Function short form 
Geriatric Rehabilitation; SD, standard deviations
*T-scores are based on US item parameters
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ABSTRACT
Objectives
To study the test-retest reliability and measurement error, construct validity, 
responsiveness, interpretability and floor/ceiling effects of a Patient-Reported 
Outcomes Measurement Information System (PROMIS®) short form designed to 




Inpatient geriatric rehabilitation patients
Methods
We evaluated the test-retest reliability by re-administering PROMIS-PF-GR 3 to 5 days 
after the admission measurement. The Intraclass Correlation Coefficient (ICC) was 
calculated to determine test-retest reliability, an ICC ≥ 0.70 was considered sufficient. 
Measurement error was established by calculating the Standard Error of Measurement 
(SEM) and Smallest Detectable Change (SDC). Construct validity and responsiveness 
were determined by testing a priori formulated hypotheses (criterion: ≥75% hypothesis 
not rejected). Interpretability was evaluated by calculating the Minimal Important 
Change (MIC) using predictive modelling and a global rating as criterion for change. 
Floor/ceiling effects were established by calculating the percentage patients with 
the minimum/maximum raw score (criterion: ≤15%) at admission and discharge.
Results
A total of 207 patients participated in the study (mean±SD age 80±8.3 years; 58% female). 
More than half of patients (56%) reported to be improved during rehabilitation. The ICC 
was 0.79 (95%CI, 0.70-0.84), the SEM was 3.8 and the SDC 10.6. None of the four hypotheses 
for construct validity were rejected, two out of five hypotheses for responsiveness 
were rejected. The MIC was 8.0 (95%CI: 4.1-12.5). No floor/ceiling effects were found.
Conclusions and Implications
The PROMIS-PG-GR showed sufficient test-retest reliability, lack of measurement 
error and construct validity. We did not find sufficient evidence for responsiveness, 
which may be due to the unexplained weak correlation between the PROMIS 
change score and the GRS. We still recommend the use the PROMIS-PG-
GR for measuring self-reported physical function in geriatric rehabilitation.
INTRODUCTION
One of the major goals of geriatric rehabilitation is to restore physical functioning or 
enhance residual functional capability in frail and older patients with disabilities1,2. 
Ideally, treatment progress should be measured and evaluated not only from the 
perspective of the professional but also from the perspective of the patient. The 
patient’s perspective gives insight in the rehabilitation progress, which is considered 
meaningful for patients and could help professionals focus on the patient’s specific 
desired health outcomes. Patient-Reported Outcome Measures (PROMs) can be 
used for this purpose and help to monitor improvement in health and well-being 
and improve shared decision making3-7.
Multiple PROMs are available to measure physical function in geriatric patients8. 
However, many PROMs have developmental and psychometric shortcomings, such 
as the absence of a clearly described measurement aim, lack of patient involvement 
in the development process and insufficient responsiveness8. Moreover, most 
have not been developed and validated by modern psychometric methods like 
item response theory (IRT). To overcome these shortcomings a new high quality 
PROM based on the Patient-Reported Outcomes Measurement Information System 
(PROMIS®) was recently developed9.
PROMIS is an innovative psychometrically sound and clinically meaningful 
measurement system of item banks for measuring domains such as fatigue, anxiety 
and physical function across a wide range of medical conditions10,11,12. Each bank 
consist of a set of items (questions) with responses (answers) that measure the 
same domain (construct, in this case physical function) and whose item parameters 
(the item locations on the underlying metric and discriminative ability) have been 
established using IRT analyses10,11,12.
PROMIS item banks can be used to create custom short forms, consisting of a fixed 
subset of relevant items from an item bank. We have chosen to develop a new 
custom-made PROMIS short form for geriatric rehabilitation rather than using one 
of the existing PROMIS short forms, as geriatric rehabilitation patients have low 
physical function levels while the existing short forms generally speaking have 
been developed to cover the whole range of physical function. This implies that 
some items in the existing PROMIS short forms are irrelevant for the geriatric 
rehabilitation population and that these short forms lack a sufficient number of 
items addressing lower levels of physical function. Advantages of custom short 
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forms are that they can be tailored to the expected level of functioning of the target 
population at issue, in this case geriatric rehabilitation patients. This means that 
a custom short form can measure the level of physical function of these patients 
more precisely than existing short forms. 10.
We developed and validated a custom PROMIS short form from the PROMIS Physical 
Function item bank with the involvement of experienced health professionals and 
geriatric rehabilitation patients: the 24-item PROMIS Physical Function Geriatric 
Rehabilitation (PROMIS-PF-GR) short form9. The PROMIS-PF-GR previously 
showed sufficient content validity, structural validity, measurement invariance 
and internal consistency9. The objective of the current study was to test additional 
psychometric properties of the PROMIS-PF-GR in geriatric rehabilitation patients: 
test-retest reliability, measurement error, construct validity, responsiveness, and 
interpretability.
METHODS
The study was approved by the Medical Ethics Review Board of the INSTITUTION 
(no. FWA00017598).
Setting and participants
The PROMIS-PF-GR was tested in 11 nursing homes throughout the Netherlands in 
2016-2017. To be eligible for participation, nursing homes had to have specialized 
geriatric rehabilitation wards. All new patients admitted for geriatric inpatient 
rehabilitation were eligible and were recruited by a research assistant. Exclusion 
criteria were: decision incompetent patients, as rated by the attending physician; 
patients who did not master the Dutch language and patients who did not provide 
informed consent.
Procedure
Three measurements were performed: in the week of admission, three to five days 
after the first measurement and in the week of discharge. At admission we collected 
demographic data and presence and status of a caregiver, and administered the 
updated Charlson Comorbidity Index (CCI), the Mini Mental State Examination 
(MMSE), the Barthel Index (BI) and the PROMIS-PF-GR. Three to five days after 
the first measurement we repeated the PROMIS-PF-GR. At the week of discharge 
we collected data about the discharge destination, the BI and PROMIS-PF-GR, 
and administered a Global Ratings Scale (GRS). The attending physician provided 
information on comorbidity of the participating patients from their charts. The 
attending nurses filled in the BI. The PROMIS-PF-GR was filled in by the patients or 
with help of a research assistant. All other information was provided by the patients.
Measures
CCI. The updated CCI is a widely used measure of burden of disease. It assesses the 
presence of 12 comorbidities and predicts mortality13,14. A total score is obtained 
by assigning a weighted score to each comorbidity, yielding a maximal score of 24 
points. Higher scores indicate higher risk of mortality.
MMSE. The MMSE is a widely used screening test for cognitive limitations. It consists 
of 11 questions, grouped in seven categories, measuring aspects of cognitive 
functioning15. The seven categories are added into a total score ranging from 0 
to 30. Higher scores indicate a higher level of cognitive functioning. The MMSE 
has sufficient diagnostic accuracy. Several cut-off points for the MMSE are used as 
indicator of cognitive dysfunction. We applied a score below 25 as cut-off as this 
cut-off has a high negative predictive value for detecting cognitive dysfunction16.
BI. The BI is an observational instrument which measures independent functioning 
in ten basic Activities of Daily Life (ADL) activities, such as eating, mobility and 
grooming17.The total score ranges from 0 to 20. Higher scores indicate a higher 
level of independence in ADL functioning. The psychometric properties of the BI 
are sufficient for geriatric rehabilitation18.
PROMIS-PF-GR. The PROMIS-PF-GR measures self-reported physical function, its 
content was compiled by geriatric rehabilitation patients and experts from the 
PROMIS Physical Function item bank9. It consists of 24 items on a 5 point Likert 
scale and takes between four and seven minutes to complete. Four items address 
the degree to which the patients’ health limits physical activities like climbing stairs 
and taking a shower (“not at all” to “cannot do”). The other 20 items address the 
level of difficulty in carrying out activities such as walking, dressing and going to the 
toilet (“without any difficulty” to “unable to do that”). When patients were not able 
to complete the PROMIS-PF-GR, a research assistant read each item aloud and the 
patient verbally expressed his/her answer, which the research assistant filled in9.
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Raw PROMIS-PF-GR scores can be converted to T-scores, using Health Measures 
Scoring Service powered by the U.S. Assessment Center19. The mean T-score 
of the general (U.S.) population is 50 with an SD of 10. A score between 30 and 
40 represents moderate limitations and below 30 severe limitations in physical 
function20,21. The PROMIS-PF-GR has sufficient content and structural validity for 
measuring self-reported physical function during geriatric rehabilitation9. Results 
from the original developmental study suggest that PROMIS-PG-GR can even be 
used in geriatric rehabilitation patients with mild cognitive functioning9.
GRS. The GRS is a single question which asks the patient to what extent his/her 
physical function has changed during the rehabilitation period, with five response 
options: (1) much deteriorated; (2) somewhat deteriorated; (3) no change; (4) 
somewhat improved; (5) much improved.
Analysis
Test-retest reliability and measurement error. Reliability and measurement error 
address the precision of the measure. Reliability refers to the proportion of the 
total variance in the measurement which is due to “true” differences between 
patients, whereas measurement error refers to the systematic and random error 
of a patients’ score that is not attributed to “true” changes22.
Intraclass correlation coefficients (ICC, absolute agreement, 2-way random effects 
model) were calculated as a measure of reliability. The following formulas were 












(3) SDC = 1.96 x √2 x SEM
An ICC of ≥ 0.70 was considered sufficient. Ideally, the SDC should be smaller than 
the Minimal Important Change (MIC) in order to be at least 95% sure that changes 
as large as the MIC are not measurement error.
Construct validity. Construct validity addresses whether the measure assesses the 
intended construct. This was evaluated by testing a priori formulated hypotheses. 
We formulated four hypotheses based on psychometric and clinical assumptions 
(Table II). Construct validity was considered to be sufficient when at least 75% of 
the hypotheses would not be rejected.
Responsiveness. Responsiveness addresses whether the measure is able to 
detect change over time in the construct (physical function) being measured22. 
Responsiveness was determined by testing a priori formulated hypotheses. We 
formulated five hypotheses based on psychometric and clinical assumptions 
(Table II). Responsiveness was considered to be sufficient when at least 75% of the 
hypotheses would not be rejected.
Three groups were created based on the responses to the GRS. Patients who 
indicated that they were much improved were labelled as “improved”, patients 
who indicated that they were somewhat improved, not changed, or somewhat 
deteriorated were labelled as “not changed”, and patients who indicated that they 
were much deteriorated were labelled as “deteriorated”23. Next, effect sizes (ES) 
and standardized response means (SRM) were calculated and compared for the 
“improved” and “not changed” group. The data from the “deteriorated” group was 
not used because we were interested in minimal important improvement23. We 
calculated the mean change in PROMIS-PF-GR T-scores between baseline and 
discharge divided by the standard deviation (SD) of the baseline score for the effect 
size, and the SD of the change score for SRM24. Correlations were calculated by means 
of Pearson correlations between PROMIS-PF-GR and BI at admission, discharge and 
changes scores. In addition, the correlation was determined between PROMIS-PF-GR 
at admission and discharge. We set a threshold of R>0.3 for moderate correlations 
(different constructs; observed versus self-reported physical function) and R> 0.5 
for strong correlations (same construct; both self-reported physical function)22,23. 
Finally, we plotted the receiver operating characteristics (ROC) curve with the GRS 
as anchor and determined the area under the curve (AUC) to assess the ability to 
discriminate between “improved” and “not changed” patients. An AUC of 0.7 was 
considered evidence for responsiveness25.
Interpretability. To evaluate the interpretability of PROMIS-PF-GR change scores 
we calculated the Minimal Important Change (MIC) using predictive modelling 
(MICpredict)26,27. MICpredict uses logistic regression analysis to determine the 
relationship between the change score and group membership (improved versus 
not changed). The MIC is equal to the score that corresponds to a Likelihood Ratio 
(LR) of 1, which is the change score for which the post-test probability of belonging 
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to the improved group is equal to the pre-test probability. The MICpredict was 
adjusted for the proportion of improved patients. Non-parametric bootstrapping 
(1000 samples) was used to calculate the 95% confidence interval (95%CI) around the 
adjusted MIC26,27. If the MIC is lower than the SDC, the probability that a change as 
large as the MIC is not due to measurement error can be determined by calculating 
the Z-score with formula 4:
 (4): Z-score = MIC / (SEM x √2)
Floor/ceiling effects. Floor/ceiling effects addresses the proportion of respondents 
with the lowest/highest score on a measure. We calculated the percentage of 
patients with the lowest (floor) and the highest possible (ceiling) raw summary score 
both at admission and discharge. We considered a floor/ceiling effect present, if the 
percentage was ≥15%28.
The MICpredict was determined using R in the R package “pROC” (The R project for 
statistical computing, version 3.4.3). All other analyses were performed using SPSS 
(IBM SPSS Statistics for Window, version 22.0, Armonk, NY: IBM Corp.). The sample 
size for the whole psychometric study required a minimal of 200 patients23.
RESULTS
Participants
A total of 207 patients participated in the study, no patients were excluded for 
the study. Test-retest reliability could be determined in 207 patients. Thirty-nine 
patients were lost to follow up because they were readmitted to the hospital or 
deceased. Data at discharge was available for 168 (81%) patients. There were no 
missing items scores.
Table I summarizes patient characteristics and PROMIS-PF-GR, BI and GRS scores 
at admission and discharge. The mean age of the participants was 80 years and 
58% were female. The main reasons for admission to rehabilitation were: trauma, 
including fractures (27.1%), elective total joint replacement (15.9%), and stroke 
(15.5%) and miscellaneous (40.6%). The latter group consists of patients admitted 
for pulmonary, cardiac and oncological rehabilitation and patients in need for 
rehabilitation after infection, post intensive care, major surgery or kidney failure. 
The average PROMIS-PF-GR T-score at admission was 26 (SD 8). Seventy percent of 
the patients had moderate functional limitations at admission and 23% had severe 
limitations. The average T-score at discharge was 35 (SD 8). The average length of 
stay was 41 days.
Test-retest reliability and measurement error.
ICCagreement was 0.79 (95% CI 0.70 – 0.84) indicating sufficient test-retest reliability. 
The SEM was 3.8 and the SDC 10.6.
Construct validity.
The correlation between the BI and PROMIS-PF-GR was 0.58 at admission 
(hypothesis 1 not rejected) and 0.63 at discharge (hypothesis 2 not rejected). The 
mean change in PROMIS-PF-GR T-score for patients who were able to go home was 
9.3 and for those who were not able to go home 3.7 (hypothesis 3 not rejected). 
The correlation between the PROMIS-PF-GR at admission and discharge was 0.6 
(hypothesis 4 not rejected).
Responsiveness.
The correlation between the PROMIS-PF-GR and BI changes scores was 0.31 
(hypothesis 5 not rejected). The ES and SRM were 0.7 and 1.0, respectively, for the 
“no change” group (hypothesis 6 rejected), and 1.2 and 1.4 for the “improved” group 
(hypothesis 7 not rejected). The correlation between PROMIS-PF-GR change score 
and the GRS-score was 0.32 (hypothesis 8 rejected). The AUC was 0.7 (hypothesis 
9 not rejected).
Interpretability.
The MICpredict could be assessed in 167 patients and 56% of the patients reported 
being “improved” during rehabilitation. The adjusted MICpredict was 8.0 (95%CI: 
4.1-12.5). The MIC was smaller than the SDC (10.6 points) and corresponded with a 
Z-score of 1.49. An SDC of 10.6 indicates that if a patient changes 10.6 points, there 
is 95% chance that this change reflects a real change, and not measurement error 
or lack of measurement precision. We found a MIC of 8.0 points. An additional 
calculation showed that there was an 86% chance that a change of 8.0 points 
reflects a real change23. We performed a sensitivity analysis in which we added the 
“somewhat changed” patients to the improved group and found a MIC of 6.4 (95% CI: 
2.8-6.8). There was a 72% chance that a change of 6.4 points reflects a real change.
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Floor/ceiling effects.
One percent of the patients had the lowest raw score and no patients had the 
highest raw score at admission. No patients had the lowest raw score and 1.8% had 
the highest raw score at discharge.
DISCUSSION
The PROMIS-PF-GR has sufficient test-retest reliability and construct validity, but 
no convincing evidence for responsiveness was found. The SDC (10.6 points) was 
slightly larger than the MIC (8.0 points), which implies that when a patient improves 
8.0 points or more, we can be at least 86% sure that this change is not measurement 
error.
Other studies found sufficient reliability for other PROMIS Physical Function short 
forms in orthopaedic trauma patients29, orthopaedic foot and ankle surgery 
patients30 and patients with rheumatoid arthritis31. Only one of the studies 
determined the SEM (3.8) and SDC (10.6) and found similar results as our study30.
Construct validity was also tested for other PROMIS physical function short forms. 
Several PROMIS short forms (PROMIS PF SF4a,8a,10a) were compared with different 
legacy instruments and showed high correlation for patients in spine clinics32, upper 
extremity trauma patients29 and older patients in the emergency department33.
We did not find sufficient evidence for responsiveness of the PROMIS-PF-GR as 
only three (instead of four required) of the five hypotheses were confirmed. The 
two hypotheses that were rejected both addressed the relation between PROMIS-
PF-GR and the anchor, the GRS. A surprising high effect size of 0.7 for patients who 
considered themselves “not changed” and a low correlation was found between the 
change in PROMIS-PF-GR and the GRS. The PROMIS-PF-GR may have overestimated 
the real change, however we think it is more likely that our anchor question, the 
GRS, was not valid. Perhaps it was difficult for these patients (considering an average 
age of 80 and an average MMSE of 25) to recall their level of physical function at 
admission, weeks after being admitted to geriatric rehabilitation. Other studies 
found more support for responsiveness of different PROMIS-PF short forms. Two 
studies tested the responsiveness the PROMIS-PF 20a in patients with rheumatoid 
arthritis (RA) and found the PROMIS-PF 20a to be more responsive than the SF 
36 and HAQ34,35. Whal et al, found that change scores of the PROMIS-PF 10a were 
significantly associated with changes in RA disease activity36. High effect sizes 
(ES>0.80) were found for PROMIS-PF 8a after treatment for lower29 and upper 
extremity trauma37. Finally, Stephan et al found an ES of 0.80 in the PROMIS-PF 4a 
in foot and ankle patients after surgery (as expected), and correlations between 
change scores on PROMIS-PF 4a and the Foot Function Index disability subscale of 
0.48 and with global treatment outcome of 0.45 (whereas >0.50 was expected)30. 
A limitation is that most of these studies used distribution-based methods instead 
of the preferred method of hypotheses testing to determine responsiveness22,38,39.
We found a MIC value of 8 points. Two studies determined the MIC of the PROMIS-
PF-10a in patients with osteoarthritis and RA using multiple anchor-based methods 
and found a MIC range of 1.9 – 2.235,40. The MIC of PROMIS-PF 4a in orthopaedic 
foot and ankle surgery patients was estimated at 4.6 points30. It is important to 
note that none of these studies reported a correlation score between the anchor 
and the PROMIS change score. A recent study by Devji et al, showed the importance 
of a good correlation between the anchor and the PROM change score41. We used 
an conservative approach to determine the MIC, because patients who reported 
“somewhat improved” were included in the “no change” group and this could have 
led to overestimation of the MIC. A sensitivity analysis indeed showed a lower MIC 
of 6.4 points if the “somewhat changed” patients were added to the improved group. 
However using this cut-off of 6.4 points as an indicator of change increases the 
probability that “change” is the result of measurement error instead of real change. 
We found no floor or ceiling effects for the PROMIS-PF-GR at admission or discharge, 
in accordance with other studies30,34,40,42.
Limitations
First, test-retest-reliability was tested by re-administering the PROMIS-PF-GR 3 to 
5 days after the original completion. A potential disadvantage of this short follow-
up period is a higher risk of recall bias. However, a longer follow-up period would 
result in a higher chance of changes in physical function, especially in patients who 
rehabilitated quickly. Second, in four out of the five responsiveness hypotheses 
the GRS was used. A potential problem is that this global rating relies on the 
correct recall of retrospective function43,44, which may be problematic in an older 
frail population. Third, the use of only one physical comparison test, namely the 
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CONCLUSION AND IMPLICATIONS
The PROMIS-PG-GR showed sufficient construct validity and test-retest reliability, 
important changes can be distinguished from measurement error with a high 
certainty. We did not find sufficient evidence for responsiveness, this may however 
be due to lack of validity of the global rating scale that was used as an anchor.
Clinical implication and future studies
Despite some uncertainty about the responsiveness of the PROMIS-PF-GR, we 
consider the results of this study solid enough to recommend its application in 
geriatric rehabilitation to assess progress of self-reported physical function 
during geriatric rehabilitation. Further research should focus on responsiveness 
and on how PROMIS-PF-GR can be used to promote shared decision making. In 
addition, future research might evaluate whether the PROMIS-PF-GR could be 
shortened without compromising its content validity. This could be done either 
with a updated short form with less items or by the use of computer adaptive 
testing (CAT). Theoretically, PROMIS-PF-GR gives insight in the patient’s perspective 
of rehabilitation progress and this could be a starting point for shared decision 
making and goal setting in geriatric rehabilitation. PROMIS-PF-GR was developed 
and validated for use in geriatric rehabilitation, however it may also be useful in 
other older or geriatric patients in settings outside of geriatric rehabilitation. Further 
research on the psychometric properties in of the PROMIS-PF-GR in other patient 
populations is recommended.
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Abbreviations: n, sample size; SD, standard deviation; PROMIS-PF-GR, PROMIS Physical 
Function Geriatric Rehabilitation short form
*T-scores are based on US item parameters
Table II. Hypotheses testing
Construct validity Result
1. Correlation between BI and PROMIS-PF-GR at admission:  
Pearson’s R>0.3
R= 0.58
2. Correlation between BI and PROMIS-PF-GR at discharge:  
Pearson’s R>0.3
R= 0.63
3. The mean change score of the PROMIS-PF-GR of patients returning 
home is at least 5 T-score points higher (better) than the mean change 
score of patients who are not able to return to home.
Not home: 9.3
Home: 3.7




5. The change scores of the PROMIS-PF-GR correlate with the change 
scores of the BI with Pearson’s R>0.3
R= 0.31
6. ES and SRM <0.2 for the “no change” patient group ES= 0.7
SRM= 1.0
7. ES and SRM ≥ 0.5 for the “improved” patient group ES= 1.2
SRM= 1.4
8. The mean change score of the PROMIS-PF-GR correlates with the raw 
GRS-score with Pearson’s R>0.5.
R=0.32
9. Area under the (ROC) curve “improved” versus “no change” group ≥0.7 AUC= 0.7
Abbreviations: BI, Barthel Index; PROMIS-PF-GR, PROMIS Physical Function Geriatric 







Hospitalized older or frail patients have specific problems like multimorbidity, 
cognitive dysfunction and communication problems and are often not able to 
return home after hospital admission1. Consequently, there is a need for specialized 
rehabilitation for these frail and older patients to maximize function and minimize 
limitations of activity and restriction of participation2-7. This specialized rehabilitation 
is called geriatric rehabilitation and can be defined and characterized as diagnostic 
and therapeutic interventions whose purpose is to restore functional ability or 
enhance residual functional capability in frail or older people with disabling 
impairments8.
An important concept in geriatric rehabilitation is patient-centred care, which refers 
to care that focuses on the specific health needs of patients and their desired health 
outcomes9,10.
There are two aspects of geriatric rehabilitation in particular where patient-
centred care is important, namely goal setting and evaluation of progress during 
rehabilitation. Goal setting is defined as the process of establishing or negotiating 
rehabilitation goals referring to the intended future state of the patient11,12. Patient-
centred goal setting refers to active involvement of the patient in setting and 
evaluating goals9,10. Patient-centred goal setting remains a major challenge in older 
and frail patients13-15.
The second aspect, evaluation of rehabilitation progress from a patient-centred 
perspective might benefit from the use of a measurement instrument. Professionals 
are used to evaluate the functional status of a patient from a clinical point of 
view, however this evaluation can be influenced by contextual factors and lack 
transparency. To make the patient evaluation more valid and transparent in a 
standardized way, observational scales or performance-based tests can be used. 
The latter often rely on a specific skill to measure a limited part of a total construct 
(for example walking distance to measure physical function) and are also less 
suitable to enhance patient-centredness. Performance-based tests are therefore 
outside the scope of the current thesis. Treatment progress can also be measured 
and evaluated from the perspective of the patient. Patient-Reported Outcomes 
Measures (PROMs) can be used for this purpose to help monitoring improvement 
in health and well-being of individuals16-18.
Several observational instruments and PROMs are available which could 
potentially measure physical function in older and frail patients, however all have 
major developmental and psychometric shortcomings, such as the absence of a 
clearly described aim of the instrument, patients were often not involved in the 
developmental process, and some of the included instruments had insufficient 
responsiveness19,20. Furthermore, all have not been developed based on modern 
psychometric methods like item response theory (IRT). In short, there is no single 
high-quality observational instrument or PROM available for this patient group 
resulting in a necessity to test or develop observational instruments and PROMs 
for geriatric rehabilitation19,20.
The overall goal of this thesis was to provide building blocks to work toward patient-
centredness in geriatric rehabilitation by enhancing patient-centred goal setting and 
patient centred progress evaluation.
Reflection on the main findings
Goal setting in geriatric rehabilitation
A total of 14 studies (n=1915 participants) which studied the effect of goal setting 
in geriatric rehabilitation could be included in our systematic review and meta-
analysis (chapter 2). A major methodological finding was a high risk of bias (RoB) 
in all of the included studies. The RoB was determined by the Cochrane RoB tool 
which revealed two major sources of bias, “blinding for intervention” and “other 
sources of bias”21. The first source of bias is unavoidable because of the nature of the 
intervention which promotes the collaboration between patient and professional. It 
is therefore impossible to either blind the patient or the professional for treatment 
allocation. The second major source is mainly due to baseline imbalances in the 
included studies. This source of bias can only partly be explained by the included 
studies types, which also included non-randomized controlled trials, controlled 
before–after studies or studies using historic controls. For these types of studies it 
is more difficult or impossible to prevent baseline differences between intervention 
and control. However, there were also significant baseline differences in the included 
randomized studies, possibly because of the small numbers of patients in the 





The most important clinical finding of the systematic review and meta-analysis 
was that goal setting does not seem to lead to higher levels of physical function 
and quality of life or shortened duration of rehabilitation in geriatric rehabilitation 
(chapter 2). It is important to note that none of the included studies conducted a 
process evaluation including an assessment of adherence to treatment. Process 
evaluation is considered an essential part of designing and testing complex 
interventions such as goal setting22,23. It is known that the implementation of patient-
centred goal setting remains a challenge in geriatric rehabilitation13-15,24,25. This 
means that there is a clear risk that implementation of goal setting was incomplete. 
Process evaluation should have given insight in the extent to which goal setting was 
implemented. Hence, there is a possibility that a significant effect of goal setting 
could not be demonstrated in some studies because the goal setting intervention 
was implemented incorrectly or incompletely (chapter 2).
In order to facilitate the goal setting process and the challenging implementation 
in geriatric rehabilitation, we developed a new structured goal setting intervention 
called Collaborative Functional Goal Setting (CFGS), in which the patient and the 
professional jointly set rehabilitation goals that can be assessed and evaluated by 
a standardized functional measurement instrument. We conducted a qualitative 
pilot study to explore the feasibility of CFGS (chapter 3).
Our pilot study showed that both patients and professionals expressed a need for 
patient-centred goal setting. However, professionals found it difficult to execute 
and apply CFGS into their daily routine and its implementation was therefore 
incomplete. As a consequence, the execution and implementation were not 
sufficiently noticeable for the patients who indicated that goal setting was mainly 
professionally driven, in other words the patient felt that the rehabilitation goals 
were mainly set and evaluated by the professionals.
Recent studies found similar results and concluded that goal setting in geriatric 
rehabilitation was mainly professionally driven24-27. There are several explanations 
for a lack of patient-centredness in goal setting. First, professionals often express 
concerns about the ability of older individuals to formulate realistic rehabilitation 
goals15,25,26. The perspective on realistic and achievable goals can also differ between 
patients and professionals. For example, patients can have a preference for large-
scale and far-reaching goals while professionals prefer short term achievable goals27. 
Second, patients find it hard and difficult to formulate goals and express a need for 
guidance in this process13,14,25-27. 
Third, there is some evidence that the rehabilitation environment could negatively 
influence patient-centred goal setting, due to factors like noisiness, presence of ill 
patients on the ward and lack of privacy24.
Our meta-analysis was not able to show a significant effect of goal setting in geriatric 
rehabilitation on important clinical outcomes as physical functioning, quality of life 
and duration of rehabilitation. The absent of a significant effect on these important 
outcomes is however not a reason to abolish goal setting in geriatric rehabilitation. 
Within the framework of patient-centredness, goal-setting may be considered 
desirable or even imperative from an ethical point of view, since goal setting involves 
patients in decision-making and is therefore a means to respect the preferences, 
values and autonomy of patients28,29. Our pilot study supports this idea as it showed 
that both patients and professionals find it an important intervention (chapter 2 & 3).
Outcome measurement in geriatric rehabilitation
Geriatric rehabilitation is primarily focused on the restoration and improvement 
of physical function for a heterogenic group of older or frail patients with 
disabling impairments. A high quality generic instrument – meaning applicable 
in a heterogenic group of patients with different conditions - that is capable of 
measuring physical function in a valid and reliable manner during rehabilitation can 
be useful for different reasons. A PROM can be used to incorporate the patients’ 
perspective on his/her physical function and an observational instrument should be 
used to measure physical function from a professional perspective in a transparent 
and standardized way (chapter 4, 5 & 6).
In the Netherlands, the Barthel Index (BI) is the most frequently used observer 
based instrument for assessing and evaluating physical function in geriatric 
rehabilitation patients. Surprisingly, the psychometric properties of the BI had 
never been evaluated in this group of patients. In chapter 6 we showed that the 
validity and reliability BI are sufficient for the use in geriatric rehabilitation. Our 
study further showed a smallest detectable change (SDC) of 3.0 points, which means 
that a change score can only be considered to represent real change if it is larger 
than the 3.0 points. We determined both a clinical as well as a patient based minimal 
important change (MIC), which were about the same (clinical 3.1 points; patient 
3.6 points). The SDC is smaller than MIC, which means there is a 95% chance that a 




Recent studies on the psychometric properties of the BI showed similar results in 
comparable patient groups. The reliability of the BI was tested in acute stroke and 
rehabilitation patients and the results were similar to our study30,31. The BI was 
considered valid in both groups although the study in stroke patients found a two-
factor instead of a unidimensional factor structure, the authors still concluded that 
BI had sufficient structural validity31. The BI was also considered valid in patients 
recovering from a femoral neck fracture, however the MIC estimated in that study 
was 9.8 which was significantly higher than in our study32.
An interesting finding in our study was that the mean change score of the BI during 
geriatric rehabilitation was 4.8 points, which is thus considered clinically relevant 
from both a clinical and a patient perspective (50% of patients had a change score 
higher than the MIC). At discharge, 22% of the patients had the maximal score of 
20, which is an indication for statistically speaking, a ceiling effect. However, for 
inpatient geriatric rehabilitation this effect may be considered irrelevant because the 
highest score is more than sufficient to guarantee discharge from geriatric inpatient 
rehabilitation (chapter 6). For outpatient geriatric rehabilitation the ceiling effect 
might be problematic, because the rehabilitation goals in that phase are generally 
set at a higher level of function. In conclusion, the BI has sufficient psychometric 
properties for measuring and evaluating physical function in inpatient geriatric 
rehabilitation.
A high quality PROM for measuring self-reported physical function in geriatric 
rehabilitation was not available. We therefore developed and tested the 
psychometric properties of a new PROM, the PROMIS Physical Function Geriatric 
Rehabilitation short form (PROMIS-PF-GR). It was developed based on the existing 
validated PROMIS PF item bank, with involvement of experienced professionals and 
geriatric patients.
Experts selected 26 relevant items from the PROMIS-PF item bank and proposed one 
new item, riding a bicycle outdoors. Patients removed one existing item because it 
was rated unclear, another item was removed because it was considered redundant. 
The final PROM for psychometric testing therefore contained 25 items.
The PROMIS-PF-GR’s psychometric properties were evaluated in 207 patients in 11 
geriatric rehabilitation wards. The patients (mean age 80; 58% female) were admitted 
because of stroke (15.5%), trauma (27.1%) or miscellaneous conditions (40.6%). The 
mean MMSE score was 25, indicating relatively low cognitive functioning, and about 
a quartile of the participants (24%) had a MMSE score ≤23, which suggests cognitive 
dysfunction. The mean T-scores of the PROMIS-PF-GR was 26 with a range of 11 to 
51. This means that the scores of the geriatric rehabilitation patients ranged from 
average to more than two SDs below average and 93% of the sample had a T-score 
that indicates moderate or severe limitations33. The ability to ride a bicycle is a 
culturally relevant activity in the Netherlands and for this reason a new PROMIS 
item was suggested by the experts. Psychometric testing, however, showed that 
the new cycling item had a low item-total correlation and it did not improve the 
psychometric properties of the PROM. We took into account the PROMIS policy for 
modifications and concluded that, at the moment, we do not have enough evidence 
that the addition of this extra item improves the psychometric properties of the 
short form or the item bank. According to PROMIS policies a newly created item can 
only be added to a short form if this item improves its psychometric properties and 
we therefore decided to not include this item in the final PROMIS-PF-GR34. The final 
PROMIS-PF-GR therefore consisted of 24 items.
The 24-item PROMIS-PF-GR had sufficient internal consistency, content and 
structural validity. The test-retest reliability was sufficient (ICC 0.79; 95% CI 0.70 – 
0.84) and the smallest detectable change (SDC) was 10.6 points.
Construct validity was sufficient, however we did not find sufficient evidence for 
responsiveness of the PROMIS-PF-GR as only three (instead of four required) of 
the five hypotheses were confirmed. An explanation for not meeting the required 
criteria is that two hypotheses that were rejected both addressed the relation 
between PROMIS-PF-GR and the anchor, the GRS. Perhaps it was difficult for these 
patients (considering an average age of 80 and an average MMSE of 25) to recall 
their level of physical function at admission, weeks after being admitted to geriatric 
rehabilitation. Thus, it is more likely that our anchor question, the GRS, was not valid 
instead of an insufficient responsiveness.
Finally, the minimal important change (MIC) was estimated to be 8.0 points. It should 
be noted that this change is within the measurement error. We calculated that 
when a patient changes 8 points, there is a 86% chance that this change is not due 




An interesting finding of the study was a relatively low cognitive functioning of the 
patients as indicated by the MMSE. Our study results suggest that it is possible 
to measure self-reported physical function even in patients with mild impaired 
cognitive function (chapter 4 & 5). This is in line with findings of Tatsuoka et al. who 
found that cognitive status generally did not have a significant effect on PROMIS 
Physical Function scores35. Kramer and Schwartz recently proposed specific 
recommendations for the use of PROMs in the presences of cognitive impairment 
on content, layout and administration36. We believe that we have complied with 
these recommendations to a large extent.
Methodological considerations
Goal setting
There are some considerations which need to be taken into account when studying 
goal setting in geriatric rehabilitation. First, goal setting is a complex dynamic 
intervention, which involves the negotiation between professional and patient, the 
establishment and formulation of rehabilitation goals, the evaluation of goals and 
the corresponding appropriate action to changing goals, the “dimension” of the goal 
(i.e. single professional or multidisciplinary goal) and the way how goals are used 
and evaluated in clinical practice. As with every complex intervention, it is difficult to 
determine what the overall effect is, let alone to determine the effectiveness of its 
subparts. In addition, it is known that the implementation of complex interventions is 
challenging22,23. This was also the case in our pilot study, professionals explicitly stated 
having difficulty with the execution and implementation of the intervention (chapter 3).
The second consideration is the operationalization of geriatric rehabilitation. There 
are several definitions, it usually refers to rehabilitation for older patients who 
are often frail and have several comorbidities, including cognitive dysfunction and 
communication problems4,6. Geriatric patients can thus be considered a heterogenic 
group of patients. For practical reasons, we used a very basic operationalization 
to define these patients in the systematic review: rehabilitation patients with an 
average age of 55 years or older4. In other words, we only used age as a criterion 
to define a heterogenic group of frail older patients. It should be noted that only a 
minority of the included studies reported data on the prevalence of comorbidity and 
cognitive functioning. Thus, the included studies contain a heterogeneous group 
of older patients of varying complexity. We still believe that this mix of the patients 
with varying comorbidity is an accurate reflection of the current practice of geriatric 
rehabilitation.
Beside the considerations there were some limitations to the systematic review. 
First, we included studies with a variety of approaches to goal setting. In other 
words, these different approaches could suggested that the goal setting methods 
in our review cannot been considered an uniform intervention. However, all of 
the included studies used a structured approach to goal setting either with a 
standardized intervention or a goal setting instrument. Second, most of the studies 
lacked a clear description of what was considered usual care. This makes it difficult 
to get an idea about the level of goal setting in the control group.
The major limitation of the pilot study was the suboptimal implementation of the 
goal setting intervention (CFGS). We only trained the physicians in our goal setting 
method and expected them to lead the rest of the multidisciplinary team. This 
implementation strategy proved to be unsuccessful in view of both the patients 
and physicians. The intervention was only tested in a small number of patients. 
The reason for not continuing the study was because of the ongoing difficulties in 
implementing and executing the intervention, we reached a point where it seemed 
unethical to continue and include more patients into the study.
Outcome measurement
In the development phase of the PROMIS-PF-GR we had intended to hold a 
consensus meeting with patients similar to the professional meeting. Because of 
the frail nature of the patients and practical reason we were not able to hold a 
consensus meeting with patients. Nevertheless, we involved individual geriatric 
patients in the developmental phase and the input of these patients was essential 
in the final composition of the PROMIS-PF-GR. In short, the content of the PROMIS-
PF-GR is considered valid by the intended patient group.
One important advantage of PROMIS is that, because it is based on IRT, item banks 
can be used for Computerized Adaptive Testing (CAT). CAT has the advantage of 
measuring the ability level of a person with a minimal number of questions without 
loss of precision37-39. There are several reasons why we still chose to develop and 
recommend the use of a custom short form. First, important disadvantages of CAT 
are the need for technology and the additional higher costs which especially apply 
to geriatric rehabilitation. Second, custom short forms have the advantage that 
patients and professionals can specify the content they wish to measure (Cella, 
2007) and PROMIS-PF-GR indeed contains these items which are considered relevant 




for completing the PROMIS-PF-GR ranged between four and seven minutes which 
can be regarded as acceptable.
A methodological issue which needs to be taken into account in both the PROM 
development as the Bartel Index study is the validity of the patient global rating scale 
(GRS). It was used as an anchor to determine the MIC and to test responsiveness. 
A critical point to be made is that the patient-based MIC could be affected by poor 
memory of the patient of his/her physical abilities at admittance, especially in patients 
with impaired cognitive functioning at admittance. This could potentially lead to an 
under- as well as an overestimation of the MIC. In this context we found an indication for 
problems with the validity of the GRS in our PROM developmental study, namely a high 
effect size of 0.7 for the group of patients whom considered themselves “not changed”. 
Apparently, at least a number of patients who report improvement in physical 
function considered themselves not significantly changed on the anchor question.
Clinical implications
Patient-centredness is a relevant topic in geriatric rehabilitation and the findings 
of this thesis could contribute to the promotion of patient-centredness. This thesis 
shows that both patients and professionals consider patient-centred goal setting 
important, however the current practice can still be considered more therapist-led. 
To promote patient-centred goal setting a standardized goal setting method could 
be implemented to enhance patient-centredness although an effect on physical 
function should not be expected. CFGS is a standardized goal setting method, which 
– according to patients and professionals - could potentially enhance patient-centred 
goal setting. The implementation of CFGS in our study was insufficient and needs 
adaption and other implementation strategies. The advice would be to train the entire 
multidisciplinary team, not just the physicians. CFGS training should be regularly 
updated so it becomes a daily routine. Finally, because CFGS differs from current daily 
routines, and experience is needed to master the skills to implement the intervention, 
sufficient time and resources must be made available for its implementation.
Another strategy which can be used to enhance patient-centredness in geriatric 
rehabilitation is the use of PROMIS-PF-GR. This new PROM validly measures the 
physical function level from the perspective of the patient. Ideally, this measurement 
could be combined with a professional observational instrument like the BI. 
Combining the results of the two measurements could be considered a good starting 
point to for a discussion between the patient and professional on rehabilitation 
progress and patient-centred goal setting.
Recommendations for further research
Geriatric rehabilitation is primarily aimed at the restoration and improvement 
of physical function. The PROMIS-PF-GR can used as an evaluative tool in clinical 
practice but also as an outcome measure in future studies which are conducted 
in geriatric rehabilitation. In addition, the use and psychometric properties of the 
PROMIS-PF-GR could be explored in other geriatric patients. Although geriatric 
rehabilitation is primarily focused on physical function, PROMs could be developed 
or validated for other important constructs like fatigue, anxiety, general health 
and pain. These PROMs could help in determining the content for a geriatric 
rehabilitation core-set. PROMIS contains item bank which measure these constructs 
and short forms can be created for geriatric rehabilitation patients.
Future studies on goal setting should aim at improving the quality of evidence by 
reducing the risk of bias using clear study outcomes and publishing trial protocols 
and using sufficient sample sizes in the trials to reduce baseline imbalance. 
Furthermore, these studies should conduct a process evaluation to check the 
implementation and the level of protocol adherence of the goal-setting intervention. 
In the specific case of the CFGS method, different implementation strategies should 
be explored before its effect can be studied.
Conclusions
This thesis aimed at enhancing the quality of geriatric rehabilitation by improving 
patient-centeredness. In doing so we focused on two current topics in geriatric 
rehabilitation: patient-centered goal setting and patient-reported evaluation of 
functional activities. This thesis showed that patient-centered goal setting is considered 
an essential part of geriatric rehabilitation by both patients and professionals. At 
the same time, this thesis showed that goal setting has no effect on important 
clinical outcomes like physical function, duration of rehabilitation and quality of life.
This thesis showed the successful development of the PROMIS-PF-GR, a 24 item PROM 
for measuring and the psychometric testing self-reported physical function during 
geriatric rehabilitation. The validity and reliability were found to be sufficient, however 
no convincing evidence was found for responsiveness. Finally, the psychometric 
properties of the Barthel Index were evaluated and found to be sufficient. We 
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Geriatric rehabilitation is a relatively new medical branch and can be defined as 
diagnostic and therapeutic interventions whose purpose is to restore functional 
ability or enhance residual functional capability in frail or older people with 
disabling impairments. Most patients are admitted to geriatric rehabilitation after 
hospital admission and are in need for restorative treatment to maximise function 
and minimise limitations of activity and restriction of participation. Frail or older 
patients have specific problems like multimorbidity, cognitive dysfunction and 
communication problems frequently leading to functional decline, which can be 
both a cause for as well as a consequence of hospital admission. This functional 
decline often prevents these patients from returning home directly after hospital 
admittance.
An important concept of focus in geriatric rehabilitation is patient-centred care is, 
which generally refers to care that focuses on the specific health needs of patients 
and desired health outcomes, which are the driving force behind all health care 
decisions and quality measurements. Two important patient-centred care aspects 
in geriatric rehabilitation are goal setting and the evaluation of progress during 
rehabilitation. Goal setting refers to the process of establishing or negotiating 
rehabilitation goals. It requires a patient-centred approach, in which physicians not 
only focus on the clinical perspective but also seek to facilitate patients’ expressions 
of their thoughts, feelings, and expectations.
The second aspect is the evaluation of progress during rehabilitation, which should 
be measured and evaluated from the perspective of the professional as well as 
that of the patient in order to focus on the specific health needs and outcomes 
of patients. Patient-Reported Outcomes Measures (PROMs) can be used for this 
purpose and help to monitor improvement in health and well-being of individuals. 
The use of PROMs is not limited to screening and evaluation, it can also facilitate 
shared decision making.
The overall aim of this thesis is to work towards a better quality of geriatric 
rehabilitation by improving patient-centeredness.
Goal setting in geriatric rehabilitation: a systematic review and meta-analysis 
(chapter 2)
In this chapter we performed as systematic review and meta-analyse to explore 
the effect of goal setting on physical functioning, quality of life and duration of 
rehabilitation in geriatric rehabilitation compared to care as usual. Trials had to 
report on geriatric rehabilitation to be included in the review, which was defined 
as a group of rehabilitation patients with an average age of 55 years or older. We 
included 14 studies consisting of a total of 1915 participants with a mean age ranging 
from 55 to 83 years. Ten out of the 14 studies had a randomised controlled design, 7 
of which could be pooled for the primary outcome. The risk of bias was judged high 
in several domains in all included studies. In short, we found low quality evidence 
that goal setting does not result in better physical functioning compared to care as 
usual in geriatric rehabilitation. For quality of life and duration of rehabilitation we 
could not exclude a clinically relevant effect.
Patient-centred goal setting using functional outcome measures in geriatric 
rehabilitation (chapter 3)
In chapter 3 we explored the feasibility of Collaborative Functional Goal Setting 
(CFGS) that is using standardized functional measures to set and evaluate 
functional goals during geriatric rehabilitation. We developed CFGS as a mean to 
facilitate patient-centred goal setting, which is known to be challenging in geriatric 
rehabilitation. We trained three medical professionals working in two geriatric 
rehabilitation wards were trained in this method. Patients were interviewed at the 
time of discharge from rehabilitation and the professionals at the end of the study. 
Both type of interviews were qualitatively analysed. Both patients and professionals 
expressed a need for patient-centred goal setting. Patients indicated that goals 
were mainly set by the professional and that a rehabilitation plan was either not 
presented or its content was not clear to them. In contrast, the professionals 
regarded CFGS as patient-centred and potentially helpful in facilitating the goal-
setting process. Nevertheless, the professionals indicated having difficulty with the 
implementation of the intervention. In conclusion, we demonstrated that patient 
centred goal setting supported by functional measurements was not feasible in 
its present form which confirms the evidence from the literature that is difficult to 




Measurement properties of the Barthel Index in geriatric rehabilitation 
(chapter 4)
The Barthel Index (BI) is one of the most frequently used observer-based instrument 
to measure physical function during geriatric rehabilitation. Surprisingly, the 
psychometric properties of the BI had never been evaluated in this group of 
patients. In chapter 4 we describe the psychometric properties of the BI in in 
the setting of geriatric rehabilitation, especially focussing on structural validity, 
reliability and interpretability. For this purpose we performed two studies, one 
prospective in which the attending nurses completed the BI at admittance and 
discharge to establish structural validity (n=207). Another study was performed in 
a second group of patients (n=37) who were repeatedly assessed by two attending 
nurses to assess reliability of the BI. Our study showed that the structural validity, 
reliability, and interpretability of the BI can be considered sufficient for measuring 
and interpreting changes in physical function of individual geriatric rehabilitation 
patients.
Development and psychometric testing of a Patient-Reported Outcomes 
Measurement Information System (PROMIS®) short form for measuring 
physical function in geriatric rehabilitation patients (chapter 5 & 6).
In chapter 5 we describe the development and validation of a Patient-Reported 
Outcomes Measurement Information System (PROMIS®) short form for measuring 
physical function of geriatric rehabilitation patients: the PROMIS-PF-GR. This 
new Patient-Reported Outcome Measure (PROM) was first developed with the 
involvement of both experienced professionals and geriatric rehabilitation patients 
from the PROMIS Physical Function item bank. We then tested its psychometric 
properties with patients (n=207) from 11 geriatric rehabilitation facilities. The 
PROMIS-PF-GR contains 24 items and in chapter 5 we show that is has sufficient 
content validity, structural validity, measurement invariance and internal constancy 
for measuring self-reported physical function in geriatric rehabilitation.
Chapter 6 describes the remaining psychometric properties of PROMIS-PF-GR: 
test-retest reliability and measurement error, construct validity, responsiveness, 
interpretability and floor/ceiling effects. The PROMIS-PG-GR showed sufficient test-
retest reliability, measurement error and construct validity. However, we did not find 
sufficient evidence for responsiveness, which may have been caused by the use of a 
global rating as a criterion for change. We still recommend the use the PROMIS-PG-
GR for measuring self-reported physical function in geriatric rehabilitation.
General discussion (chapter 7)
Chapter 7 contains a general discussion of this thesis, which discusses important 
methodological considerations and clinical implications. We conclude that patient-
centered goal setting is considered an essential part of geriatric rehabilitation by 
both patients and professionals. Although it has no effect on important clinical 
outcomes like physical function, duration of rehabilitation and quality of life 
according to our review.
The second part of thesis focused on the development of the PROMIS-PF-GR, a 
PROM which is intended to measure and evaluate physical function in geriatric 
rehabilitation. We tested the psychometric properties of PROMIS-PF-GR a well as 
the BI. We conclude that the development of the PROMIS-PF-GR, a 24 item PROM 
for measuring and the psychometric testing self-reported physical function during 
geriatric rehabilitation was successful. The validity and reliability were found to be 
sufficient, however no convincing evidence was found for responsiveness. Finally, 
we show that the psychometric properties of the Barthel Index were sufficient for 
measuring observed physical function in geriatric rehabilitation. We recommend 
the use of both the PROMIS-PF-GR and the BI in geriatric rehabilitation.
Future research could determine if PROMIS-PF-GR could also be used in general 
geriatric patients. In addition, other PROMs could be developed for other important 






Geriatrische revalidatie is een specialisme binnen de ouderengeneeskunde dat 
zich richt op het herstellen of verbeteren van het functioneren van kwetsbare 
en/of oudere patiënten, die te maken hebben met een (sub)acute achteruitgang 
in mobiliteit en algemene dagelijkse levensverrichtingen. De grootste groep 
(geriatrische) patiënten wordt opgenomen na een specialistische behandeling 
in het ziekenhuis. Geriatrische patiënten hebben specifieke problemen als 
multimorbiditeit, cognitieve disfunctie en communicatie problemen, waardoor 
het risico op achteruitgang van het fysiek functioneren verhoogd wordt. Deze 
achteruitgang kan de reden voor ziekenhuis opname geweest zijn of juist een 
consequentie daarvan. Het is met name dit functionele verval dat er toe leidt dat 
patiënten niet in staat zijn om direct na huis te gaan na ontslag uit het ziekenhuis.
Een fundamenteel uitgangspunt van de geriatrische revalidatie is patiëntgericht 
werken, dit is medische zorg, dat zich specifiek richt op de behandelwens en die 
uitkomst van zorg beoogt, die belangrijk is voor de patiënt. In geriatrische revalidatie 
wordt patiëntgerichtheid op twee gebieden zichtbaar: goal setting en evalueren van 
voortgang in functioneren tijdens de revalidatie. Goal setting in de revalidatie is het 
proces van overeenstemming over revalidatiedoelen en het vaststellen hiervan. 
Het is hierbij van belang dat dat behandelaar zich informeert over en aansluit bij 
de visie, verwachtingen en wensen van de patiënt. Goal setting is een continue 
proces dat start bij opname en voortdurend geëvalueerd en bijgesteld wordt tijdens 
de revalidatie. Onderzoek en ervaringen uit de praktijk laten zien dat het goed 
uitvoeren van patiëntgerichte goal setting best uitdagend is.
De evaluatie van revalidatiedoelen en daarmee samenhangend het vaststellen van 
de progressie gedurende revalidatie kan zowel vanuit het perspectief van de patiënt 
als de professional worden gedaan. Het combineren van deze twee perspectieven 
kan in potentie bijdragen aan meer en verbeterd patiëntgericht werken. Om het 
patiëntperspectief in kaart te brengen - is de Patient-Reported Outcomes Measure 
(PROM) een belangrijk hulpmiddel. PROM’s zijn meetinstrumenten, die het 
functioneren in kaart brengen vanuit het perspectief van de patiënt. Het gebruik van 
de PROM is niet beperkt tot evaluatie, maar kan bijvoorbeeld ook gebuikt worden 
voor shared-decision making. Er was geen moderne en valide PROM beschikbaar 
voor het gebruik binnen de geriatrische revalidatie.
Dit proefschrift heeft als doel om bij te dragen aan verbetering van de kwaliteit van 
geriatrische revalidatie door het bevorderen van patiëntgericht werken.
Goal setting in geriatric rehabilitation: a systematic review and meta-analysis 
(hoofdstuk 2)
In dit hoofdstuk wordt een systematische review met meta-analyse beschreven, die 
als doel had om het effect van goal setting op belangrijke uitkomstmaten als fysiek 
functioneren, kwaliteit van leven en duur van de revalidatie in kaart te brengen. 
Geriatrische revalidatie werd in deze review geoperationaliseerd als een groep 
revalidatiepatiënten met een gemiddelde leeftijd van 55 jaar of ouder. Uiteindelijke 
werden 14 studies geïncludeerd met in totaal 1915 patiënten, waarin de gemiddelde 
leeftijd per studie wisselde van 55 tot 83 jaar. Van deze 14 studies hadden 10 een 
randomised controlled trial (“RCT”) design, 7 hiervan konden gebruikt voor “pooling” 
van de primaire uitkomstmaat. Er werd ook gekeken naar het risico op vertekening 
(“bias”) bij de 14 studies. Deze werd op verschillende domeinen werd als hoog 
ingeschat.
Concluderend vonden wij bewijs dat goal setting niet leidt tot betere uitkomsten op 
het gebied van fysiek functioneren in de geriatrische revalidatie. Goal setting lijkt 
ook geen effect te hebben op kwaliteit van leven en duur van revalidatie, echter 
het bewijs hiervoor is minder overtuigend. Door het hoge risico op bias van de 
individuele studies van de review beoordeelden wij de totale kwaliteit van het bewijs 
deze review als matig.
Patient-centred goal setting using functional outcome measures in geriatric 
rehabilitation (hoofdstuk 3)
Hoofdstuk 3 beschrijft de haalbaarheid van Collaborative Functional Goal Setting 
(CFGS), een nieuwe goal setting methode voor de geriatrische revalidatie. De 
aanleiding om deze interventie te ontwikkelen was het feit dat patiëntgerichte goal 
setting uitdagend kan zijn binnen de geriatrische revalidatie door verschillende 
omstandigheden. Deze interventie had als doel om het proces van patiëntgerichte 
goal setting te faciliteren. CFGS houdt in dat de revalidatiedoelen bepaald en 
geëvalueerd worden met de voor de geriatrisch revalidatie gebruikelijke functionele 
meetinstrumenten. We trainden twee Specialisten Ouderengeneeskunde en één 
Physician Assistant van twee verschillende geriatrische revalidatieafdelingen in 
de CFGS methode. Zowel de patiënten als de professionals werden geïnterviewd 
naar hun ervaring met CFGS. Het interview met de patiënten vond plaats na 




studie. De interviews werden vervolgens kwalitatief geanalyseerd. Een belangrijke 
bevinding was dat zowel de patiënten als professionals een noodzaak aangaven voor 
patiëntgericht goal-setting. Patiënten gaven aan dat de revalidatiedoelen naar hun 
idee nog met name door de professionals werden gesteld en dat zij vaak niet op de 
hoogte waren van hun revalidatieplan. De professionals gaven juist aan dat CFGS 
in potentie kan bijdragen aan patiëntgerichte goal setting. Tegelijkertijd signaleerde 
ze moeite te hebben met de implementatie van CFGS.
Hierdoor concluderen wij dat patiëntgerichte goal setting in de huidige praktijk nog 
steeds lastig is en dat CFGS in de huidige vorm nog niet bijdraagt aan het faciliteren 
van patiëntgerichte goal setting.
Measurement properties of the Barthel Index in geriatric rehabilitation 
(hoofdstuk 4)
De Barthel Index (BI) is een van de meeste gebruikte observatie instrumenten 
binnen de geriatrische revalidatie om het fysiek functioneren in kaart te brengen. De 
psychometrische eigenschappen van de BI voor deze patiëntengroep waren echter 
nog niet eerder onderzocht. In hoofdstuk 4 beschrijven wij de psychometrische 
eigenschappen van de BI met de nadruk op de structurele validiteit, betrouwbaarheid 
en interpreteerbaarheid. Hiervoor hebben wij twee studies verricht, een prospectief 
longitudinale studie (N=207 patiënten) waarin de BI bij opname en ontslag werden 
gescoord door verzorgenden. De tweede studie betrof een groep van 37 patiënten, 
die onafhankelijk door twee verschillende verzorgenden werden gescoord op 
dezelfde dag.
De resultaten van onze studie laten zien dat de structurele validiteit, betrouwbaarheid 
en interpreteerbaarheid van de BI voldoende zijn om het fysiek functioneren van 
geriatrische revalidatie patiënten te meten en evalueren.
Development and psychometric testing of a Patient-Reported Outcomes 
Measurement Information System (PROMIS®) short form for measuring 
physical function in geriatric rehabilitation patients (hoofdstuk 5 & 6).
In hoofdstuk 5 beschrijven wij de ontwikkeling en validatie van een nieuwe Patient-
Reported Outcome Measure (PROM): de PROMIS-PF-GR. Deze PROM heeft als 
doel om het fysiek functioneren te meten gedurende het revalidatietraject vanuit 
het perspectief van de patiënt. De PROM werd ontwikkeld in samenwerking met 
geriatrische revalidatie patiënten en experts, met behulp van het Patient-Reported 
Outcomes Measurement Information System (PROMIS®). De psychometrische 
eigenschappen werden vervolgens getest bij 207 patiënten in 11 geriatrische 
revalidatieklinieken. Uit de resultaten van de ontwikkelingsstudie werd duidelijk 
dat zowel de inhoud- als structurele validiteit voldoende was. De definitieve versie 
van PROMIS-PF-GR bestaat uit 24 items en de psychometrische eigenschappen zijn 
voldoende valide is voor het gebruik in de geriatrische revalidatie.
In hoofdstuk 6 worden de overige psychometrische eigenschappen van PROMIS-
PF-GR beschreven: de test-hertest betrouwbaarheid, meetfout, construct validiteit, 
responsiviteit en interpreteerbaarheid. De studie liet zien overige psychometrische 
eigenschappen van PROMIS-PF-GR waren voldoende met uitzondering van de 
responsiviteit, hiervoor kon niet voldoende bewijs worden gevonden. Dit lijkt met 
name te wijten te zijn aan het gebruik van een “Global Rating Scale (GRS)” als anker 
voor verandering. De GRS vraagt de patiënt aan het einde van de revalidatie hoe 
zijn/haar fysiek functioneren is veranderd tijdens de opname.
Vanwege het feit dat de belangrijkste meeteigenschappen van PROMIS-PF-GR 
voldoende zijn, raden wij het gebruik van PROMIS-PF-GR aan voor het meten van 
het zelf-gerapporteerde fysiek functioneren tijdens de revalidatie. Toekomstig 
onderzoek kan zich richten op het evalueren of verbeteren van de responsiviteit 
van PROMIS-PF-GR.
Algemene discussie (hoofdstuk 7)
Hoofdstuk 7 bevat de algemene discussie van dit proefschrift, waarin de 
belangrijkste methodologische overwegingen en klinische bevindingen worden 
besproken. Uit dit proefschrift wordt duidelijk dat patiëntgerichte goal setting een 
essentieel onderdeel is van geriatrische revalidatie, ondanks de afwezigheid van een 
significant effect op belangrijke klinische uitkomstmaten als fysiek functioneren en 
duur van de revalidatie.
Het tweede deel van proefschrift richt op de ontwikkeling van PROMIS-PF-
GR een PROM om het fysiek functioneren te meten en evalueren gedurende 
de revalidatie vanuit het perspectief van de patiënt. Daarnaast werden de 
psychometrische eigenschappen van zowel PROMIS-PF-GR als de BI getest in de 
geriatrische revalidatie. Voor beiden meetinstrumenten geldt dat de validiteit en 




Toekomstig onderzoek kan zich richten op het verbeteren van de implementatie 
van CFGS. Het gebruik van PROMIS-PF-GR kan uitgebreid worden naar bijvoorbeeld 
de algemene geriatrische patiënten. Tenslotte, kunnen er meer PROM’s ontwikkeld 
dan wel gevalideerd worden voor de geriatrische revalidatie voor andere belangrijke 
constructen en op die manier toewerken naar ontwikkelen en samenstellen van een 
valide en betrouwbare core-set voor de geriatrische revalidatie.
DANKWOORD
The only easy day was yesterday...
Dit proefschrift is de voltooiing van mijn promotietraject, maar meer nog de 
afronding van mijn AIOTO traject. Voor degene die hier niet mee bekend zijn, het 
betreft geen pad naar een Japans meestertitel.  Een AIOTO traject houdt in dat de 
medische specialisatie tot specialist ouderengeneeskunde (SO) gecombineerd wordt 
met een promotietraject en - in mijn geval -  ook met een opleiding tot epidemioloog. 
Bij het met succes afronden van mijn traject zijn ontzettend veel mensen betrokken, 
die ik erg dankbaar ben. Dit brengt mij meteen tot een lastig dilemma: bij het in 
naam bedanken van mensen gaan er mensen niet genoemd worden, die wel een 
significante bijdrage hebben geleverd. Dit wil ik vermijden door een korte inkijk te 
geven in mijn  ‘unexpected AIOTO journey’.
Na een aantal jaren ervaring op te hebben gedaan in het ziekenhuis, startte ik in 2012 
als ANIOS bij verpleeghuis de Wittenberg. Mijn begeleider in het verpleeghuis, Tjomme 
de Graas, leidde mij door de eerste cultuurshock heen en liet mij kennismaken met 
de uitdagende wereld van de intramurale ouderengeneeskunde. Een wereld die mij 
al snel greep en het gevoel gaf dat ik mijn specialisatie had gevonden. Desalniettemin 
waren er kanten van het vak waarover ik mij verbaasde, die ik niet begreep en 
waar ik mogelijkheden tot innovatie zag. Deze gedachten en overwegingen kon ik 
in augustus van datzelfde jaar bespreken met dr. Martin Smalbrugge hoofd van 
Gerion, de opleiding van het VUmc voor ouderengeneeskunde. Hij nam uitgebreid 
de tijd om mijn vragen te beantwoorden en ook om in te gaan op mijn wens om de 
opleiding te combineren met een promotietraject. Hoewel er geen concreet project 
beschikbaar was, verzekerde hij me dat het wel goed zou komen. Ik ging solliciteren 
en werd aangenomen voor de opleiding tot specialist ouderengeneeskunde. 
Ik begon als eerstejaars AIOS op een op een psychogeriatrische, een 
gerontopsychiatrische en een geriatrische revalidatie afdeling. Mijn eerste 
opleidster was Caroline Veldhoen, die mij verder inleidde in het vak van de 
ouderengeneeskunde. Haar bevlogenheid en kennis gecombineerd met uitstekende 
didactische vaardigheden resulteerde in een exponentiele toename van kennis 
en kunde bij mij. Zij fungeerde ook als mentor en heeft mij, ook in de hierop 
volgende jaren, altijd goed geadviseerd en bijgestaan tijdens lastige en uitdagende 
situaties. Tijdens dit eerste jaar bracht Martin mij in contact met Prof. Dr. Cees 




het onderwerp en de uitwerking ervan. Omdat ik binnen de ouderengeneeskunde 
het meest gegrepen was door de geriatrische revalidatie, besprak ik met hem 
mijn wens dat het onderzoek op dit gebied zou focussen. Er waren maar een paar 
gesprekken nodig om tot een plan te komen. Cees werd mijn promotor en gaf mij 
het vertrouwen en ruimte om mijn eigen promotietraject op te stellen. Daarnaast 
werd een dagelijks begeleider aangesteld voor het gehele promotietraject. Dit 
werd dr. Hylco Bouwstra, die net was gestart bij het VUmc als jonge veelbelovende 
specialist ouderengeneeskunde en onderzoeker, en was net als ik gegrepen door 
de geriatrische revalidatie. 
Groter tegenstelling dan tussen Hylco en mij waren moeilijk denkbaar: bedachtzaam 
versus fel en impulsief, detailgericht versus volgen van grote lijnen en een computer 
expert versus een digibeet. Samen vormden we een mooie Yin-Yang. Tijdens de vele 
overleggen en presentaties kregen wij dan ook de volgende bijnamen toegedicht als 
duo: ‘de jonge mannen’ ‘de heren’ en ‘de jonge honden’. De adviezen die Hylco in het 
begin gaf waren in eerste instantie voor mij onnavolgbaar. Later kwam ik erachter 
dat ze toch wel erg goed bleken te werken en inmiddels geef ik deze adviezen door 
aan anderen. 
Vanaf 2013 werd mijn AIOTO status  officieel en dit bracht privileges en 
mogelijkheden met zich mee. Een belangrijk privilege als AIOTO is dat duizendpoot 
Jos van Berkel (specialist ouderengeneeskunde, docent en plaatsvervangend 
opleider bij Gerion) je mentor wordt. Jos was voor mij een rots in de branding. Een 
steun als zaken tegenzaten en spiegelend als ik een schop onder mijn k#*t nodig 
had. Als duo werden wij gevreesd in de AIOS sollicitatie commissie vanwege onze 
blijkbaar kritische en moeilijke vragen. Jos zorgde er vanuit Gerion ook voor dat 
ik samen met Aad Krommenhoek (ZGAO) en Peter Wesselink (Cordaan) het regio-
onderwijs mocht reviseren en organiseren. Aad en Peter zijn twee doorgewinterde 
SO’s die overeenkomen in nuchterheid, uitgebreide kennis, creativiteit en die ook 
een vaardigheid bezitten om een indrukwekkend aantal ballen in de lucht te houden. 
In mijn pilot onderzoek was Peter deelnemer en voorzag hij de verschillende studies 
in een beginstadium van advies om de haalbaarheid te vergroten. Een laatste en 
niet te onderschatten privilege is dat ik als AIOTO vaak een beroep kon doen op de 
“meiden” van het secretariaat van Gerion: Femke, Dinie, Ineke en Karin. Ondanks 
al hun drukte heerste hier altijd een positieve sfeer en maakten ze altijd tijd voor 
mij met een grote glimlach. 
Waar mijn projectgroep aanvankelijk klein begon met Cees en Hylco vond er in de 
loop der jaren een uitbreiding plaats met Dr. Hans van der Wouden, Dr. Caroline 
Terwee en Lizette Wattel. Hans bracht niet alleen een bak methodologische kennis 
mee maar zeker ook humor, relativering en oog voor detail. Binnen korte tijd keek 
hij mijn werk na en had dan naast goede suggestie voor de grote lijnen ook nog 
even mijn grammatica, spelfouten, tabellen en referenties nagekeken, letterlijk tot 
aan de komma (die natuurlijk weer eens fout stond). Wat ik enorm waardeer is dat 
hij niet alleen je werk nakijkt en verbetert; hij geeft ook aan wat maakt dat zaken 
anders moeten. Kortom, een rolmodel als begeleider. Dit laatste geldt ook zeker 
voor Caroline. Haar heb ik leren kennen via de epidemiologie opleiding als docent 
klinimetrie, met een enorme kennis en een gedrevenheid die inspirerend is. Wat 
ik aan haar erg waardeer is haar openheid en behulpzaamheid en daarnaast haar 
vaardigheid om mensen te enthousiasmeren en verbinden. Als je met iemand in 
onderzoekswereld of de praktijk spreekt over klinimetrie komt op een gegeven 
moment altijd de vraag: ken je Caroline Terwee? Ik ben dan ook enorm blij en 
dankbaar dat zij als copromotor bij mijn promotie betrokken is geraakt. 
Een kleine tussenstap. Zoals aangegeven kende ik Caroline van de epidemiologie 
opleiding (VU). Alhoewel het spannend was om weer in de collegebanken te zitten en 
tentamens te doen, bleek deze opleiding de lifeline te zijn voor het succesvol afronden 
van mijn promotietraject. In 2014 startte deze opleiding in de vorm van een interne 
cursus van een week in een nog functionerend klooster in Kerkrade! In 2018 rondde 
ik de epidemiologie opleiding succesvol af en dat was zeker ook te danken aan de 
enorme behulpzaamheid en flexibiliteit van onderwijs coördinator Marjolijn Stuij. 
Terug naar mijn projectgroep, het vijfde lid daarvan was Lizette Wattel, coördinator 
van het Universitair Netwerk Ouderenzorg (UNO) van het VUmc. Die het geheel 
aanvulde met haar ervaring vanuit de geriatrische revalidatie en kennis van de 
epidemiologie. Daarnaast fungeerde zij als ambassadeur voor de UNO themagroep 
geriatrische revalidatie. Zij betrok mij bij deze groep professionals, die op hun beurt 
mij niet alleen goede en bruikbare adviezen gaven voor mijn onderzoeken, de leden 
namen zelf ook deel aan de verschillende studies van mijn promotieonderzoek. 
Uiteindelijk gingen zij aan de slag met de resultaten van de pilotstudie en de review 
en ontwikkelden een goal setting stappenplan. Lizette en ik hebben op verschillende 
congressen door het land heen mogen presenteren over de uitkomsten van deze 




Tussen 2014 en 2017 vonden de verschillende onderzoeken plaats voor het 
proefschrift en wat waren er daarbij een hoop mensen en organisaties betrokken. 
Met name voor het PROMIS onderzoek reed ik het hele land door: Amsterdam/
Amstelveen (Amstelring & Zonnehuizen Amstelveen), Zaandam (Evean), Hoorn 
(Zorgcirkel), Haarlem (Zorgbalans), Naarden (Vivium), Amersfoort (Beweging 3.0), 
Apeldoorn (zorggroep Apeldoorn) en Zwolle (Zonnehuizen IJsel-Vecht). Gelukkig 
voor mij nam Hylco zijn eigen GR afdeling in Winschoten onderhanden. Door 
deze efficiente samenwerking en ondersteuning door de lokale contactpersonen 
aangevuld met de hulp van onderzoeksassistente Susan Keyner hebben we in een 
tijdspanne van vijf maanden de hele studie afgerond. 
Ondertussen ging mijn opleiding tot SO door. Het tweede jaar vond plaats bij GGZ In 
geest, locatie Amstelveen, een hechte vakgroep (Johan, Marga, Erik, Francis, Lia om 
een paar van hen te noemen), die al jaren met elkaar samenwerkten wat te merken 
was aan de prettige sfeer. Mijn opleidster was ouderenpsychiater en directeur 
ouderenpsychiatrie Audrey van Schaik, weer zo’n Powervrouw. Zij gaf mij inzicht 
in en kennis over het werk als bestuurder, naast het medisch inhoudelijk opleiden. 
Een concreet voorbeeld daarvan was dat ik onder haar hoede een beleidsonderzoek 
en opdracht mocht uitvoeren. Haar vorm van leiding geven, een goede mix van 
zakelijkheid en empathie, neem ik als voorbeeld.
Mijn derde en laatste opleidingsjaar werd gesplist in twee periode en twee 
instellingen. De eerste helft vond plaats bij de Zonnehuizen Amstelveen met 
opleidster Maureen Huisman, wiens opmerkingen ervoor zorgden dat ik net weer 
een tandje harder te gaan lopen. Daarnaast werd ik opgeleid door schaduwopleiders 
Monique Nio en Jentie Kramer met hun indrukwekkende ouderennetwerk. Ik 
mocht van hen een aantal huisartspraktijken onder mijn hoede nemen, waar ik als 
ouderengeneeskundige consulent optrad bij de verschillende overleggen. Wat een 
vertrouwen was dit, en ook enorm leerzaam. Tenslotte was er Paul van Houten die 
met zijn enorme kennis en ervaring meerdere significante rollen vervulde tijdens 
mijn AIOTO traject: schaduwopleider, docent en adviseur.   
Met het einde in zicht vond de laatste helft van mijn laatste opleidingsjaar plaats 
bij Vivium/ Naarderheem. Het leitmotief dat door mijn gehele AIOTO traject loopt 
was hier ook weer van toepassing: Powervrouwen. Hoewel ik verbonden was aan 
de neurorevalidatie afdeling werd ik opgeleid door de gehele GR vakgroep: Astrid 
Beckers (hoofdopleidster), Ellen Vreeburg (ook betrokken bij alle studies), Sacha 
Deetman (ook betrokken bij alle studies), Eskeline Elbertse en Wilma Deerenberg 
(pionier opleiding ouderengeneeskunde). Wat een fijne, opleidingsgerichte vakgroep 
en prettige organisatie was dit. In april 2018 rondde ik uiteindelijk succesvol mijn 
opleiding tot  (medisch) specialist ouderengeneeskunde af…..
Vanaf november 2018 ben ik werkzaam als SO voor Vivium bij Flevoburen, drie 
dagen in de week. Deze ‘buiten’ locatie is gevestigd in het Flevoziekenhuis en samen 
met collega (en mede “jonge SO”) Eveline van Opstal – die gelijktijdig met mij daar 
startte - verzorg ik de geriatrische revalidatie met een bijzonder en uniek team 
van paramedici en verzorgenden. Aanvankelijk moesten zowel Flevoburen als het 
Flevoziekenhuis wat wennen aan ons als onconventionele, kritische en pittige SO’s. 
Inmiddels is er mooie synergie tussen hen en ons. Daarnaast leiden we als duo 
coassistenten (VUmc), huisartsen (UMCU) en specialisten ouderengeneeskunde 
(VUmc) op. Ik ben enorm trots op de input en feedback die we van hen terug krijgen. 
Naast mijn werk als SO ben ik sinds november 2018 als senior-onderzoeker 
verbonden aan de afdeling ouderengeneeskunde van het VUmc. Deze aanstelling 
is tot stand gekomen in samenwerking met Vivium en mede te danken aan de 
inspanningen van Ellen Vreeburg, Wilma Deerenberg en Marco Wisse, directeur 
Vivium. Marco ben ik dankbaar voor het vertrouwen en de carte blanche, die ik van 
hem kreeg. Inmiddels ben ik onderdeel van het UNO-Amsterdam team en werken 
wij samen aan de missie om de ouderengeneeskunde en de geriatrische revalidatie 
te versterken en verder te helpen. In het bijzonder ben ik blij met de samenwerking 
met Aafke de Groot, the godmother van de geriatrische revalidatie, wat al heeft 
geleid tot een publicatie over haar geliefde onderwerp triage. Naast een prettige 
samenwerkingspartner is zij al jaren een steun en goede adviseur voor mij met haar 
enorme netwerk en kennis. 
Tenslotte ben ik ontzettend dankbaar dat ik nu zelf ook onderzoekers mag opleiden 
en begeleiden met hun onderzoek, mensen zoals Dennis Visser, Maud Kramer, 
Michael Jansen (in samenwerking met UNC-ZH) en Marieke Geerars & collega’s. Ik 
vraag me vaak af wie er nu het meest leert van deze begeleiding, aangezien zij mij in 
de kortste tijd inhalen qua kennis en kunde. Ik hoop nog jaren met deze begeleiding 
door te kunnen gaan. 
Een fast forward naar augustus 2020 en het verlossende woord vanuit het Bureau 
Pedel: ‘het proefschrift is goedgekeurd door de leescommissie’ (Prof. dr. De Vet; Prof. 
dr. Post, Prof. dr. Achterberg, Prof. dr. Buurman, dr. van Haastregt en dr. Gobbens). 
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Hierbij eindigt dan ook mijn korte doch uitgebreide verslag van mijn AIOTO reis en 
hieronder wil ik jou nog in het bijzonder bedanken. 
Arigato
CURRICULUM VITAE
Ewout Smit studied Medicine at the VU university in Amsterdam. In 2012 he started 
a traineeship Elderly Care Medicine at Gerion Amsterdam in combination with the 
current PhD project (“AIOTO trajectory”) at the Department of General Practice 
and Elderly Care Medicine VU University Medical Center in Amsterdam. During 
this trajectory he also started a master study Epidemiology at the VU University 
Amsterdam. In 2018, he was registered both as a physician elderly care (April) and 
epidemiologist ( July). Since November 2018 he works as physician elderly care 
at Vivium zorggroep Naarden (three days a week) and as a senior researcher at 
the department of Medicine for Older People VU Medical University Center in 
Amsterdam (two days a week). Both professional activities primarily focus on 
geriatric rehabilitation.
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